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DEDICATION 
DR. LEWIS RALPH JONES 
1864-1945 


Dr. Lewis Ralph Jones, born of sturdy, pioneer parents in Mentomen 
township of Fon du Lac County, Wisconsin, received his early education 
at Brandon, a village subsequently established near the homestead farm 
first purchased by his father, David Jones, as a government tract in 1828. 

From 1883 to 1886, Dr. Jones attended Ripon College where he quickly 
found a rapidly deepening interest in the biological sciences, especially 
under the stimulating influence of Dr..C. D. Marsh, Professor of Chemistry 
and Biology at this institution at the time. However, it was while work- 
ing under the influence of Professor Volney M. Spalding, following his 
entrance upon graduate work at the University of Michigan in 1886, that 
he turned definitely to the field of Plant Pathology, a decision that was in- 
fluenced to no small degree by the late, great Dr. Erwin F. Smith, who 
was a brilliant graduate student and well advanced in his work in the 
Botany Department by the time Dr. Jones entered the Graduate School 
at Ann Arbor. 

It is not possible, nor is it even necessary, to recite here in detail the 
brilliant achievements of Dr. Jones in his chosen field, either as a teacher 
or as a scientist, first at Mt. Morris Academy in IlLlinois and then at the 
University of Vermont where he served from 1889 to 1910. There are 
very considerable references in the literature to his great ability in the 
former capacity as well as his brilliant achievements in the latter. Many of 
the able writings by which he set forth his scientific findings in the labora- 
tory will remain forever classical in the field of Plant Pathology. 

In February of 1910 he went to the University of Wisconsin and began 
the monumental task of developing one of the finest departments of Plant 
Pathology to be found anywhere in the country. From it have emanated, 
through the years, some of the most brilliant workers that have appeared 
in this field. 

Dr. Jones resigned the Chairmanship of the Department at Wisconsin 
in 1920 and retired from active service in 1935. However, he continued 
active for a number of years in many important public service assign- 
ments as committee man, trustee and counselor. 

It might quite properly be said that his first important contact with 
Soil Science in Florida came in the Spring of 1927 when, as Chairman of 
the Executive Committee of the Tropical Plant Research Foundation with 
headquarters in Washington, D. C., and important projects in Cuba and 
elsewhere in the tropics, he visited the Everglades Experiment Station 
near Belle Glade. This was just as the first plant responses to some of 
the trace elements were being established on the raw peat soil of this great 
area, notably to copper, manganese and zinc. 

His interest in what he saw on that visit was instantaneous and very, 
very keen; for he quickly realized the broad implications of these striking 
plant reactions which so plainly showed the very definite, though highly 
complicated relationships existing between the proper nutrition of plants— 
nutrition in the fullest sense of the word—and their general development 
and health. His interest in this work was so great that he always relished 
an opportunity to discuss it, especially after the work with trace elements 
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DR. LEWIS RALPH JONES 
1864—1945 


had extended from the organic soils of the Everglades out onto the mineral 
soils in practically all parts of the State for some crops on some soils in 
one section and for others in another. 

Dr. Jones became a charter member of the Society in 1939 and never 
missed an opportunity to attend the meetings. In fact, he attended the 
1944, sessions which were held in Orlando, and found much interest in the 
varied papers and in the discussions that followed. 

The Florida sunset of March 31, 1945, proved to be the sunset of his 
life, for he died during the night of that day, peacefully, and surely with 
the consciousness of a full life, well lived. As has been so well said by 
some of his closest associates in his chosen field, “He will be long remem- 
bered for his leadership in Science and his example in life.” 


Ropert V. ALLISON 


DR. SELMAN A. WAKSMAN 


GUEST SPEAKER 


Due to the delay that has been experienced in the publication of this 
volume of the Proceedings, it is possible to conjecture that the Science 
of Antibiotics has progressed much faster and much farther, even during 
this comparatively short period, than Dr. Waksman would have dared to 
hope at the time of his inspiring lecture. Certainly the great honors which 
have come to him in the meantime as a result of his truly fine achieve- 
ments in pioneering this remarkably fertile field have been richly deserved; 
for it is doubtful if, in the entire history of Science, one individual has 
ever contributed so much, especially when it is recalled that he is offering, 
in addition to his own scientific accomplishments, all of his personal earn- 
ings from the manufacture of streptomycin for the establishment of a 
great institute for work in Microbiology which, under his personal direc- 


tion, is certain to exert a tremendous influence on this field of study in the 
years to come. 
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SOIL MICROBES AND MEDICINE 


Dr. SELMAN A> WAKSMAN * 


Mr. Chairman, President Tigert, Members of the Society and Guests: 
As Dr. Allison has just indicated, I am going to tell you of a new branch 
of science which has had its origin and has reached a high stage of develop- 
ment only within very recent years. It has its roots in the soil and its ap- 
plications in human health. Had I been invited to address you on this 
subject the last time I met with you here in Gainesville, namely in 1940, 
it is highly doubtful whether I could have had much to say about it. As 
a matter of fact, the very name of this new field of work that I am about 
to tell you of here tonight did not exist at that time. Thus, a new science 
has been born and has made tremendous progress in this short period of 
five of six years since the occasion of my last visit with you. 

May I go back a few years and trace for you the origin of this new 
science of ANTIBIOTICS. Only ten or twelve years ago it was hardly 
believed possible that the time would come when drugs could be used 
effectively for the treatment of the majority of infections and epidemics. 
You will recall that there was only one group of diseases for which an 
effective drug was known at that time, namely syphilis, and the drug or 
drugs were arsenicals. Although many efforts were made, following the 
classical work of Ehrlich, to find new chemicals for treating bacterial 
diseases, the medical and chemical professions were forced to conclude 
that no drugs may ever be found for treating bacterial diseases of man— 
that is, drugs which could be injected into the body that would destroy 
the germ causing the disease and thereby cure the patient. When the 
sulfa drugs were discovered about ten or twelve years ago, and their poten- 
tialities for curing various diseases fully established, there was no doubt 
at that time that a great discovery had been made. The feeling even 
developed that the time was coming when all human ailments could thus 
be treated. Unfortunately, the sulfa drugs were found to have many 
limitations. First of all, they were found to act quite effectively on some 
diseases but not at all on others; many people proved to be sensitive to 
these drugs; it was discovered that some bacterial strains may become 
resistant to them. The medical profession began to wonder: here the sulfa 
drugs have pointed a way; what now? Where are the new drugs to come 
from, drugs able to attack the other disease-producing germs resistant to 
sulfa compounds. What member of the medical profession would have 
thought at that time that it was to be the soil from which these new 
drugs would come that ultimately were to be used for combating the re- 
sistant diseases! And, so it is with the soil that my story begins. 

The subject of my talk this evening, soils in relation to disease, is really 
not of recent origin. Its development, however, and its effective applica- 
tion are very recent, as I have just indicated. To trace the development 
and to fully understand the growth of the field of antibiotics, however, 
one must go back to the early days of bacteriology. But let me first 
define an antibiotic. According to its present concept, it is a substance 


* Microbiologist, Rutgers University, New Brunswick, New Jersey. 
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produced by micro-organisms which has the capacity of killing or destroy- 
ing bacteria or other disease-producing organisms. Some can do this not 
only in the test tube but also in the human or animal body and conse- 
quently may actually be utilized for treating human and animal infections. 

Not one but four sources of information or types of effort actually 
have contributed to the birth and development of this new science, the 
results being based quite largely upon observation and experimentation. 

The FIRST of these sources is to be found in the early days of bac- 
teriology when it was learned that most of the diseases are caused by bac- 
teria and other microscopic forms of life. The medical investigators of 
that time began to wonder what became of all germs that were continuously 
excreted by the human sufferers. Thus we know that a typhoid carrier 
can bring disease to a whole community by infesting the bread or the milk 
supply. What, then, becomes of the millions and millions of bacteria 
excreted by the thousands and thousands of patients suffering from 
pneumonia,. diphtheria, typhoid, cholera, and many other infectious 
diseases. Sooner or later, these disease-producing organisms must find 
their way into the soil—what then becomes of them! 

When the plate method for isolating and counting microbes was first 
developed by Robert Koch in 1881, the medical bacteriologists said, “Let 
us look into the soil and see how many of these disease-producing germs 
can survive in this complex environment. Perhaps, after all, the soil is 
the source of all our infections and epidemics.” Since the source of these 
infections was not known at that time, they could only “take a shot in the 
dark.” Even now, for example, we still do not know how polio is trans- 
mitted. The bacteriologist, therefore, began to examine the soil for the 
possible survival in it of germs capable of causing infections. Just 
imagine, if you will, what the life of the worker in the field would have 
been had it been discovered that the soil can serve as a carrier or a reser- 
voir of infection of various disease-producing organisms. Therefore, 
during those early years, the soil was very carefully investigated for the 
presence of disease-producing bacteria. To the great amazement of the 
medical investigators of that time, the discovery was made and the fact 
fully established that disease-producing bacteria do not survive very long 
in the soil. Furthermore, it appeared that they rapidly die shortly after 
arriving in this strange medium, not so much because they cannot live 
there, but because of the presence in normal soil of some agent that 
either kills them or prevents their development. The conclusion was 
reached, therefore, that the soil cannot be considered as a source of in- 
fections, except for a very few minor ones. Unfortunately, these early 
investigators stopped there. They did not go on in search of a logical 
reason and try to find out the nature of the agents responsible for the 
destruction of the pathogenic germs, isolate such agents and utilize their 
activity for the treatment of human diseases. 

The SECOND source of information contributing to the development 
of the science of antibiotics is to be found in the study of interaction 
among micro-organisms. The great bacteriologist, Pasteur, in some of his 
early experiments on anthrax infections, observed that when the sheep 
were inoculated with a contaminated culture of the anthrax organism, the 
animals did not die. He recognized that this was due to some effect that 
the “common” or non-disease producing bacteria exerted upon the anthrax 
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bacillus. Pasteur said prophetically that the time may come when we may 
try to control disease-producing germs by utilizing the activities ef non- 
disease-producing organisms. A very great vision, but he did not follow it 
up himself. Although others did, several years later, the results were 
disappointing because the proper method of approach to this highly com- 
plex problem was not known at that time. 

Then there was a THIRD source of information. one that may well 
be regarded as quite observational in character. Every bacteriologist, 
especially the soil bacteriologist, has observed, at one time or another, 
that in a contaminated culture of a bacterium on an agar plate, the bac- 
terium is either killed outright or does not grow in a definitely normal 
fashion. To a medical bacteriologist, a pure culture of an organism is 
an absolute requirement for further investigation. As a matter of fact, 
among the very first lessons in bacteriology, one learns that in order to 
associate a certain organism with a given disease, it must first be isolated 
in pure culture. The soil bacteriologist, on the other hand, does not work 
exclusively with pure cultures, but more often deals with mixed popula- 
tions, since the soil contains thousands of different organisms that are 
responsible for a wide variety of processes occurring every day in this 
complex medium. Consequently, the soil bacteriologist, as well as the 
medical bacteriologist, has often observed the appearance on the plate, 
of a ring or a clear zone around a colony of a fungus or a bacterium that 
happens to contaminate a culture of another bacterium. One such observa- 
tion was made in England by Fleming in 1929. He had a culture of a 
common staphylococcus growing on an agar plate. This culture became 
contaminated by a common green mold (Penicillium); the colony of the 
mold was surrounded by a clear zone. Fleming became curious. He 
wondered whether this was due to the fact that the mold killed the bac- 
teria. On careful study, he found that the clear zone around the rapidly 
growing mold was due to the destruction of the bacteria. He named the 
substance produced by the mold “penicillin”, and suggested that the time 
may come when this phenomenon will be utilized in combating disease- 
producing bacteria. He, himself, did not attempt to follow up his own 
suggestion and penicillin remained dormant for another twelve years. 

The FOURTH source of information that led to the development of 
the science of antibiotics must be credited to the work of the soil bacteri- 
ologist, who has been accustomed to studying the interactions of different 
micro-organisms growing in this complex environment. He began to won- 
der how these organisms were able to live together in association; to what 
extent they were dependent upon one another; and how they were able 
to compete among themselves for food. He continued to wonder why 
certain bacteria, once introduced into a soil, do not become established 
and thrive but quite rapidly die out instead. He also began to study the 
antagonistic effects of one soil organism upon another. ; 

It required the synthesizing mind of an investigator with a keen imagin- 
ation to bring these loose ends together and build a new science. The first 
attempt to do this was made by Dubos. Trained in a Soil Bacteriological 
Laboratory and working in a Medical Institute he had the training and the 
viewpoint required for this complex task. After many efforts, he succeeded 
in isolating from the soil an organism, in this case a spore-forming aero- 
bic bacillus, which produced a substance destructive to many bacteria. 


f 


This substance, named gramicidin, had the capacity to kill various 
pneumococci, staphylococci, and other gram-positive bacteria. Further- 
more, it was active not only in the test tube but also in the animal body. 
It appeared to have all the desirable properties of a chemotherapeutic 
agent. More important, still, it pointed a way to the isolation of new 
antibacterial agents. 

Although the substance thus isolated (later found to be a part of a 
complex of substances designated as tyrothricin) was immediately rec- 
ognized as the result of a long-hoped-for method of approach to a difficult 
problem, it found only limited application as a chemotherapeutic agent. 
However, this work stimulated a tremendous amount of research. Among 
the research institutions which almost immediately became interested 
in this subject were our own Soil Microbiology Laboratory at the New 
Jersey Agricultural Experiment Station, and that at Oxford University in 
England. Work in both of these laboratories started almost simultane- 
ously late in 1939. The war was on. Everybody was searching for new 
agents for the purpose of combating new diseases and epidemics. The 
First World War brought us the Spanish influenza, and gaseous gangrene. 
What diseases were to come as a result of the new war? Even bacterio- 
logical warfare was whispered about. What consequences were to fol- 
low? New agents for combating such possible infections were urgently 
needed. 


The Oxford group became interested both in bacteria and fungi as 
producers of antibacterial substances. They soon discovered that penicil- 
lin was really the ideal agent. It was active against many bacteria; it was 
active both in the test tube and in the animal body; and it was not toxic 
to animals. Furthermore, it could easily be extracted from the culture 
filtrate of the mold, and concentrated. Finally, it was found that it could 
be used in the human body for the treatment of diseases. There is no need 
for dwelling further upon the subject of penicillin. It is now history. It 
is sufficient to say that during World War II it saved thousands of lives. 
Certainly it has proven itself one of the greatest scientific discoveries made 
during the war period. 

Now in addition to those diseases that respond to sulfa drugs and to 
penicillin, there are many others that do not respond at all or only to a 
very limited extent to either treatment. These are the diseases caused 
by gram-negative bacteria and certain others, notably tuberculosis. The 
gram-negative bacteria cause a variety of diseases, ranging from urinary 
infections, typhoid, tularemia, cholera, plague and many others. Neither 
the sulfa drugs nor penicillin have an effect upon these bacteria nor upon 
the tuberculosis organism. Our work at the New Jersey Agricultural Ex- 
periment Station, starting late in 1939 as it did, was gradually concen- 
trated upon the isolation of chemical agents, now commonly called anti- 
biotics, which could prove themselves active against these bacteria. 

A large number of bacteria, fungi and actinomycetes were isolated 
from the soil. In turn, several distinct substances were isolated from these 
organisms and studied in detail. Gradually our attention was centered 
more and more upon the actinomycetes, a group of organisms which we 


have been studying in New Jersey since 1915, a great many of which were 
especially well known to us. 
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I should like to present a series of slides illustrating our methods of 
procedure in the isolation of antagonistic organisms from soils or from 
composts and the consequent extraction of antibiotic substances from cul- 
tures of these organisms. 

In general eight distinct steps are involved. These are illustrated in 
Figure 1. Outlined in this manner these steps illustrate in a much better 
way than can be described in words the tremendous amount of labor in- 
volved. We have now isolated and tested some 10,000 cultures of fungi 
and actinomycetes. 

Once a desirable organism has been isolated (Figure 2), we test its 
activity against various bacteria. Then we try to develop a suitable 
method and proper conditions for the production of the active substance 
on a large scale. Next we are concerned with the development of suitable 
methods for the isolation of the substance from the medium in which it 
has been produced by the organism. 


Figure 2.—Development of antagonistic organisms on the bacterial- 
agar plate. From Waksman and Horning—in Mycologia. 


During the process of isolation, we use only biological methods based 
upon the antibacterial properties of the substance in question for testing 
its activity. This involves the agar streak method (Figure 3), the agar 
diffusion or “cup” method (Figure 4) and others. We are still dealing 
of course, with a substance of unknown chemical properties. 

By using the selective inhibition of one of these unknown substances 
upon several test bacteria, we are able to gain an idea of the bacteriostatic 


WW, 


Figure 3.—Streak method. From Waksman and Woodruff.— 
Jour. Bact. 


Figure 4.—Agar cup method. 
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spectrum of the substance. For a more complete spectrum, it is necessary 
to use a much larger number of organisms. 

A typical spectrum of an antibiotic substance is shown in Table 1. 
Once the substance has been extracted from the medium and concentrated, 
a study is made of its toxicity. The first substance that we isolated in 
New Jersey, which we designated as actinomycin, proved to be highly toxic 
to animals. The second substance, isolated from certain fungi and 
designated as clavacin, also was quite toxic. A third substance, also 
isolated from fungi, chaetomin, was not very toxic. Neither was it active 
in the animal body. 


TABLE 1.—BacrteriostatTic SPECTRA ~OF STREPTOMYCIN AND PENICILLIN. 


Organism Streptomycin * Penicillin ** 
BOGS art iG) Saea ee 0.375 1.0 
BSATIUY.COLCCS = 5e ee tee? orate. bake 4 0.1-3.8 — 
SmeSTLOLULTS eee Bn Et ee AT Ie: AS See CaP Th 0.12-1.0 aa 
BU GEL Cig CO OTL See ee ee 0.5-3.75 500 
Bra ViLeLUbe TUS S: cotta ace eee eee tee 0.5 > 1,000 
CU tetanic ae ence te, See ee >» 104 1.0 
Corynebacterium diphtheriae_.......................- 0.375-3.75 8.0 
LE Der tivellconby;p Leese eee eee 1.0-37.5 100 
ISG eCTUCHi RCO lien eee ee ee 0.3-3.75 > 1,000 
Hemophiluswunjimensac= == ae 1.56-5.0 — 
TAO DOLEUS STS 1h otte tee Me re tar 2 4 Sea eS 1.25-3.0 —_ 
Kee DIVO LUITUOTLUC Crecente eee eae es 0.625-8.0 > 1,000 
Whs (HILXEROHIOGIS: SGC, MOMS cc 6 5 ante 0.15 > 1,000 
NeissertGn 2 OmOTTILOCU eae ee ee tacteneee eee 5.0 0.5 
PGSCEUT CLL Came CSLLS meee an 0.75-1.5 1,000 
PE EULGreS IS Eee eee tr ee, Se 0.15-0.3 — 
Proteus=vule ris cae =e ee ee 0.4-3.0 250 
PSendomonas sCehiueinOs C= ne 2.5-25.0 > 1,000 
DS CLTOTICL OMe TLLCT ULL 1S mee en eee een ae 0.5 — 
SE SCILOULITO ULL CT, Lae oe ce ete a ae nee cake cee a 2.0 — 
IS /VERELLOMD Un CLOMS CTLCC TLC C= are nee 0.25-3.75 500 
DEC D eyLOC OCCU S MULT C1 S nema nace nena ee 0.5-> 16.0 1.0 
Sie DLOGO CGI San| (LCCOLLS maaan eens eee eee 50.0 — 
SS eIPCTIVOL) LUCIUS Merce ee ee 2.0-> 16.0 a 
SSMULTLGGTES 32 ee ee ee eee > 16 1.5-250 
VcbTiO RCO TTT Ome eee ee ee ee 6.0-37.5 > 1,000 
PA CEL ONLY COS OOLUS ete etme aera tee eee 3.75 1.0 


* Micrograms of pure streptomycin per 1 ml. of suitable medium required to 
inhibit growth. From paper by Waksman and Schatz (Jour. Amer. Pharm. Assoc., 
November 1945). 


** Data reported on basis of micrograms of crude penicillin required for complete 
inhibition. From Abraham, Chain, Fletcher, Florey, Gardner, Heatley and Jen- 
nings (Lancet, 1941). Note: 1 microgram of this particular penicillin preparation 
is equivalent to about 0.01 mgm. of pure penicillin. 


You can thus see that a worker in this field lets himself in for a 
series of disappointments in undertaking a study of antibiotic substances. 
No wonder, therefore, for out of nearly 100 substances already isolated 
and described, some of which have even been crystallized and chemically 
defined, only three or four have ever found practical application. 

Thus, when we isolated streptothricin in 1942, we thought that we had 
obtained a highly desirable substance. It was soluble in water; it was not 
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very toxic; and it was active against gram-negative bacteria. Unfortun- 
ately, upon more detailed study, it was found to have a delayed toxic effect 
upon experimental animals and thus was automatically curtailed in its 
usefulness. ; 

Finally, in 1943, we isolated streptomycin. The organism from which 
it was obtained is a typical soil actinomyces, Streptomyces griseus (Figure 
5). Fortunately, this substance was found to have all the desirable prop- 
erties of streptothricin but possessed a much lower toxicity to animals. 
Furthermore, it was found to be active against a large variety of bacteria 
not affected by the sulfa drugs or by penicillin. Because of these facts 
it attracted immediate attention. Within two years after its isolation 
streptomycin was being produced on a large scale, and was finding appli- 
cation in the treatment of a variety of infections. Its action upon tuber- 
culosis is still uncertain. It is active, however, upon Mycobacterium 
tuberculosis in the test tube (Figure 6) and in experimental animals. 


Figure 5.—Streptomyces griseus 305X. Streptomycin-producing strain. 


Summarization. In discussing the relation of soils to medicine through 
the medium of antibiotics which have been or may be isolated from them 
in the future, we are dealing with a field of science which hardly existed 
five or six years ago. Although this brand new field of antibiotics has 
come so rapidly to the front and already has made some very spectacular 
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Figure 6.—The bacteriostatic and bactericidal action of streptomycin upon a 
human strain (H37) of M. tuberculosis; the figures on the tubes give the units of 


streptomycin, C being the 


A. 
184, 
(C; 


control. 


Bacteriostatic action. 
Bactericidal action, three days. 
Bactericidal action, seven days. 


gains, how far it can still go remains entirely in the lap of the gods. There 
are many diseases against which we not only have found no cure but not 
even a faint promise of a cure. I am not speaking of diseases like cancer 
or rheumatic fever, the causative agents of which are still not fully under- 
stood. I am referring particularly to highly infectious diseases, such as 
virus infections. Even diseases like tuberculosis and undulant fever 
should not be considered as conquered. Knowing as we now do how 
much progress has been made in the development of penicillin, when we 
have, at present, strains of organisms which produce at least one hundred 
times greater activity than the original culture of Fleming, one can not 
help but wonder how far we may go in finding still other antibiotics which 
will have greater power and a much more varied capacity than any which 
have been discovered in the past to destroy even those disease-producing 
agents which are, as yet, but little understood. 


LE 
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A NATURAL GROUPING OF FLORIDA SOILS 


J. R. HENDERSON * 


“Grouping” is the placing together of two or more similar objects. 
The objects within a group may whe similar in many or in only a few 
characteristics. If a small number of characteristics are considered only a 
few groups will be recognized, each group will contain a great number 
of units, and the precision with which the groups may be described is 
limited. On-the other hand, if a great number of characteristics are taken 
into consideration, many groups “will be recognized, each group will be 
made up of only a few individuals, and the groups may be defined rather 
precisely. In any grouping it is necessary to consider all the various 
characteristics of the objects to be grouped, and to determine which 
characteristics are to be used as a basis for the grouping. 

Since the initiation of the soil survey program of the United States 
Department of Agriculture in 1899, many attempts have been made at 
grouping soils into simple classes. The purposes and methods have been 
aie varied and, of necessity, so have the results. However, the approach 
to the problem generally has been along one or the other of two lines: the 
soils have been. erouped according to eases in their characteristics 
or they have been grouped on the basis of recognized or assumed similari- 
ties in adapted uses, yields or management peguenere. The former is 
referred to as natural or scientific soil grouping and the latter is called 
practical soil grouping. Either should be preceded by a detailed consid- 
eration of all the various internal and external characteristics of each 
individual soil. 

The purpose of this paper is: (1) To enumerate the characteristics 
that should be considered in the differentiation of individual soils under 
Florida conditions, (2) To point out some of the possibilities for natural 
groupings at various levels of generalization, and (3) To discuss some 
of the problems involved in the evaluation of soils in practical terms. 


CHARACTERISTICS TO BE CONSIDERED 
IN THE DIFFERENTIATION OF INDIVIDUAL SOILS 
The soil type and the soil phase are generally regarded as the ulti- 
mate units in a natural classification of soils. A soil type is defined as 
“a soil that is relatively uniform in all of its profile characteristics” and 


a soil phase as “that part of the soil type having minor variations in 
characteristics used in soil classification from the charset normal 


* Soil Technologist, Florida Agricultural Experiment Station, Gainesville, 
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for the type.” Since soil profile characteristics are partly the result of 
the environment, a given soil type should be confined to fairly uniform 
external conditions. Soil classification under Florida conditions which 
result in the recognition of such units should be based on a consideration 
of the following characteristics: 


Kind of soil—whether mineral or organic. 
Number of horizons. 

Color of the horizons. 

Texture of the horizons. 

Consistence of the horizons. 

Reaction of the horizons. 

Chemical composition of the horizons.’ 
Thickness of the horizons. 

Organic matter content and distribution. 
10. Origin and nature of the parent material. 
11. Depth and character of the underlying formations. 
12. Drainage. 

13. Slope. 

14. Stoniness. 

15. Native vegetation. 


. 


. 


pee ashes eer c ba 


Many of these characteristics are interrelated in such a way that giving 
expression to one also gives expression to one or more of the others. For 
instance, organic matter content, chemical composition and drainage con- 
ditions are, within limits, indicated by color. Moreover, texture and con- 
sistence are so closely related that certain textural characteristics always 
indicate definite kinds of consistence. Thus, any grouping based upon 
only a few characteristics may indicate certain conditions in regard to 
others. 

The importance of each characteristic may vary considerably among 
different soils but should be comparatively constant for any specific soil. 
Furthermore, certain properties of any soil type may be highly significant 
from the standpoint of soil classification but, in the light of current 
knowledge, may have no special weight in the determination of crop 
adaptations, yields or management requirements. On the other hand, 
some properties may be very important in relation to the practical prob- 
lems of soil utilization but be of only minor significance from the stand- 
point of scientific soil classification. 

Summarizing: The soil type and the soil phase are the ultimate units 
in scientific soil classification. A specific soil type, or soil phase, repre- 
sents a rather definite combination of a great number of internal and ex- 
ternal characteristics. The relative importance of the several characteris- 
tics may vary among individual soils. Two or more individual soils may 
be considered almost identical from the standpoint of practical agricul- 
ture, even though they are definitely different as regards their natural 


characteristics. 


1 Insofar as it is possible to ascertain by simple tests and correlation with obsery- 
able physical features. 
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NATURAL GROUPINGS OF SOILS 


Up to the present time several hundred soil types and phases have been 
recognized in Florida, and, as the soil survey program is extended, per- 
haps many more will be encountered. It is obvious that grouping of the 
individual soils is necessary if information regarding them is to be con- 
veved to those not trained in soils. The feasibility of grouping the soils 
on the basis of their own characteristics is apparent. 

Natural groupings may be on the basis of any number of character- 
istics less than the number used in recognition of the individuals. In 
general, as many characteristics as the desired simplification will permit 
should be used. Groupings may be made on a statewide, sectional or 
county basis. Obviously a statewide grouping would be based on a 
smaller number of characteristics than a sectional grouping and a sec- 
tional grouping on a smaller number than the grouping for a county. 
Moreover, the characteristics used for one section or county need not 
be the same as those used for another. A county grouping should reflect 
the important soil differences in that area. If the groupings are to have 
practical significance they should be based on differences known to effect 
land use. Always, the groups should be defined in soil terms rather than 
in land use terms. This does not mean that land-use relationships should 
not be stated when they are known or can be ascertained. 


EVALUATION OF-SOILS IN TERMS OF LAND USE 


The demand for practical knowledge concerning soils has forced soils 
men to go beyond the bounds of scientific soil classification. Several 
methods of rating soils have been attempted. In these, especially under 
Florida conditions, the problems encountered have been numerous and 
somewhat perplexing. The task is complicated by the fact that land use 
relationships are determined in part by forces outside the soil. Schemes 
for soil evaluation have sought to point out one or more of the following: 
(1) adapted uses, (2) crop yields and (3) management requirements. 
Some of the problems encountered in each method will be discussed 
briefly. 


DETERMINING ADAPTED USES OF SOILS 


The suitability of various individual soils for different uses or for 
different crops is only partially determined by soil characteristics. Addi- 
tional factors must be considered. In Florida, local variations in climate, 
water supply and seasonal conditions of water table each may have an 
important bearing on land use. 

Several examples of the effects of these additional factors will be cited. 
Norfolk fine sand, in the warmer sections is highly desirable for the 
production of citrus, in other sections it is used for the production of 
early watermelons, whereas in still others it is considered unsuitable for 
the crops that are grown under climatic conditions there. Recommended 
uses for Leon fine sand are usually for forestry or grazing, but in some 
sections with suitable climate and a good supply of flowing artesian water, 
this soil is well suited for the winter production of a wide variety of 
vegetables and other horticultural crops. The Arzell and Charlotte soils 
of southern Florida are inherently very poor soils and have a high water 
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table during most of the year. Yet during the dry season of the fall and 
_ winter they may be used profitably for the production of vegetables with 
very little expenditure for water control. 


Thus, it is obvious that soil characteristics alone do not determine crop 
adaptations. 


RATING SOILs ON THE Basis oF Crop YIELDS 

Crop yields are determined largely by soil characteristics, climate 
and management. For a given soil type in a local area, the climatic and 
soil factors are largely eliminated, so that variations in crop yields on 
that soil should be due to variations in management. Realization of this 
fact has lead to estimation of yields of each of the various crops under 
several different combinations of specified management practices. 

Yield data are generally referred to a standard index of 100. This 
standard index represents the productivity, without the use of fertilizers 
and amendments, of the more productive soils of that region in the United 
States, where the specified crop is most extensively grown. An index of 
50 indicates that the soil in question is about half as productive as the 
soil with the standard index. Such indexes are called productivity rat- 
ings. 

Productivity ratings are determined for three different conditions of 
management: (1) without special practices to maintain or increase soil 
productivity; (2) the present prevailing practices of soil management; 
(3) the best practices of soil management. 

The use of similar productivity ratings under Florida conditions is 
handicapped due to several reasons: (1) Past management history is often 
more outstanding in the determination of yields than is present manage- 
ment. (2) It is not easy to determine the prevailing soil management 
practices for certain crops. (3) Harvested yields are often determined by 
market conditions and obtaining reliable data is difficult. (4) The best 
management practices are not known for all soils. 


GROUPING SOILS ON THE BAsiIs OF MANAGEMENT REQUIREMENTS 


Within recent years, grouping soils according to management require- 
ments has been attempted. In the early work this type of grouping, known 
as “Land-Use Capability” classification, was applied successfully in areas 
in which prevention of erosion was recognized as the most important 
single soil management problem. More recently land-use capability classi- 
fication has been extended to areas of well drained porous sandy soils, on 
which erosion is not a problem, and to areas of poorly drained soils where 
drainage is recognized as the primary problem of soil management. Thus, 
at present, land use capability classification is being applied to each of 
three distinct soil conditions. 

In each kind of problem area the soils are placed in eight land 
classes, of which the first four are considered suitable for cultivation and 
the last four are considered unsuitable for cultivation. The eight classes 
of land are defined as follows: 

Class I—Land suitable for permanent cultivation without special prac- 
tices. 
Class Il—Land suitable for permanent cultivation with simple practices. 
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Class I1]—Land suitable for permanent cultivation with intensive prac- 
tices. 
Class [V—Land suitable for only occasional or limited cultivation. 


Class V—Land not suitable for cultivation but suitable for permanent 
vegetation that may be used for grazing or for woodland without any 
special restrictions. 

Class VI—Land not suitable for cultivation but suitable for permanent 
vegetation that can be used for grazing or for woodland, with moderate 
restrictions. 

Class VII—Land not suitable for cultivation and requiring severe re- 
strictions if used for pasture or woodland. 

Class VII—Land not suitable for cultivation or for the production of 
useful, permanent vegetation that may be harvested under grazing or 
woodland use. 


Complications which have arisen in areas where all three soil con- 
ditions are present has lead to the recognition of subclasses for each kind 
of major management problem. This procedure often results in the rec- 
ognition of natural soil groups that could be more easily defined in terms 
of their characteristics than in terms of their management requirements. 
Moreover, this type of classification infers that all problems of manage- 
ment have already been solved. 


SUMMARY AND CONCLUSIONS 


Modern techniques in soil surveying result in the recognition of many 
individual soils each of which possesses a peculiar combination of soil 
characteristics. If soils information is to be extended to those not trained 
in the subject the individual soils must be grouped. The individual soils 
may be grouped on the basis of one or more characteristics into natural 
soil groups. 

There is a popular demand for a practical grouping of soils.  At- 
tempts have been made at practical groupings in terms of adapted uses, 
crop yields or management requirements. However, the results have not 
been satisfactory under Florida conditions. 

It appears that great progress can be made if natural instead of prac- 
tical soil groupings are developed and information regarding use and 
management be tied to these as it becomes available. | 
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PLANT BREEDING IN RELATION TO SOIL 
FERTILITY AND CLIMATE 


Dr. Frep H. Hurt * 


This opportunity to discuss plant breeding in relation to soil fertility 
and climate with a group of soil specialists has been accepted gladly be- 
cause I think the direction of plant breeding may sometimes depend on 
progress in soil science. 

With continued advances in the science of soil fertility and fertilizer 
practice, and with the development of better soil improvement crops such 
as the lupine, we may expect the level of fertility of crop lands in Florida 
to be raised appreciably. This may be particularly true of lands growing 
corn, peanuts, oats and the grazing crops. Natural fertility is low and a 
minimum of fertilizer is used. 

Soil fertility is measured finally by crop production, I suppose, pro- 
vided that a well adapted variety of the crop is available. There is a 
widespread belief that peanuts often fail to make profitable responses to 
fertilizer. And it is reported that additional responses of corn in Florida 
to higher rates of fertilizer are sometimes disappointing. Explanations 
of these failures are not readily apparent nor simple. I am led first to 
consider that the peanut is not a thoroughly domesticated plant. It will 
persist for some time in sod land. The peanut is a poor land crop. We 
may have somewhat of a parallel case in the range cow or the range hog. 
These animals may survive and reproduce on the range better than im- 
proved, pure breeds. But in the dairy barn or feed lot, performance of 
purebreds is far superior to that of range animals. The latter seem un- 
able to respond fully to abundant nutrition. 

We may question, of course, whether or not the turning under of a 
heavy leguminous crop and balancing the nitrogen with potash and phos- 
phate will always provide abundant nutrition in the full sense to a follow- 
ing crop. Other elements may be deficient or out of balance initially or 
may be made so by heavy rainfall. How serious this general problem 
is and how rapidly the soil chemist may solve it. | do not know. My in- 
terest is in the burden of unsolved residue which presumably, will fall on 
the plant breeder. If this problem is of slight importance there is still 
the question of drought which may be serious where a high fertility level 
is built up on light land and a thick planting of the crop is made. Rela- 
tion of corn production to climatic factors must be quite different when 
fertilizer rate and thickness of planting are both doubled. 

Most of the corn grown in Florida has been here a long time and has 
perhaps achieved some degree of adaptation to prevailing climate, soil, 
and soil management. If now we begin looking for a corn which will pro- 
duce efficiently after lupines with heavy fertilization and thick planting 
will we find it among the varieties and hybrids developed in the older 
practice? Or how fast may we go in developing the desired type? The 
question of how well corn may respond to high rates of nitrogen, potassium 
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and phosphorus which is being currently investigated at various points in 
the South might be varied to ask at what levels of these and other elements 
might corn breeding operations best be done? No one, of course, has any 
definite answers to these questions. I shall devote my remaining discus- 
sion to some of the factors which may bear on them. 

Stringfield and Salter (6) tested several local corn varieties and some 
corn hybrids in Ohio on fertility levels ranging from no treatment to 16 
tons of stable manure plus 800 pounds of fertilizer per acre. They found 
differential varietal response to fertility levels in 2 of 5 seasons. Differen- 
tial response of varieties to seasons was highly significant and much greater 
than that to fertility levels. Some varieties were superior in the dry sea- 
sons—not so much so in wet seasons. Other varieties were definitely 
“ood season” performers. 

Smith (5) and Lyness (4) separately tested different strains of corn 
on different levels of phosphorus. Each one found marked differences 
among lines on low phosphorus. Smith found lesser differences on low 
nitrogen. Efficient lines on low phosphorus had greater proportions of 
secondary to primary roots. Harvey (1) found significant differences 
in responses of corn hybrids and inbred lines to ammonium and _ nitrate 
nitrogen in nutrient solution cultures. Similar work has shown inherited 
differences in nutritional requirements among different pure strains of 
tomatoes, and of other crop plants. ‘“Whitebud” of corn which has been 
corrected in Florida by application of zine salts was much more severe in 
some varieties of corn than in others. The more susceptible varieties were 
those developed on the more fertile soils. 

This brief review supports the general belief that crop plants may be 
bred for adaptations to variations in available nutrient elements and to 
variations in climatic factors. A vast amount of data from cooperative 
tests of experimental hybrids by state and federal agencies shows also 
a considerable amount of differential response of hybrids to conditions 
in different states at the same latitude. 

Let us look now at the general picture of corn breeding experience 
for indications of how rapidly we may breed corn for adaptation and how 
far the process may be carried. 

Most of the work of developing the highly domesticated corn plant 
with its unique structure, the ear, was done in past centuries. Controlled 
breeding experiments were begun 50 years ago when Hopkins at the 
Illinois Experiment Station introduced his ear-row breeding plan. One 
novel feature was the planting of a row of corn with seed taken from a 
single ear. Kar-row selection was the selection of a few of the more 
productive of 100 such ear rows. 

A few years after ear-row breeding began the still further complica- 
tion of growing ear-rows from self-fertilized plants was started. This 
new practice eventually led to hybrid corn which now grows on about 2/3 
of the corn acreage of the United States. The realized yield improvement 
from hybrid corn is estimated at about 20%, although considerably higher 
gains have been obtained in experimental plots. Such gains are obtained 
with only a few certain combinations of inbred lines. Many combina- 
tions are actually less productive than the original varieties from which 
the inbred lines were derived. 
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Among some corn breeders there has been the expectation that a 
considerable advance in yield of hybrids would appear when a new 
cycle of inbred lines had been derived from crosses of the best lines of 
the first cycle. It is now fairly clear that this expectation is not to be 
realized beyond a very limited extent which is truly disappointing if no 
alternative can be found. 

Various explanations have been suggested for the apparent halt in 
progress of developing still higher yielding hybrid corn. One is that a 
close approach to a physiological ceiling has been realized in the better 
hybrids now in hand. Another is that the later cycles of work have been 
too limited in extent. 

A third possible explanation which has been of great interest to me 
recently is that our breeding operations have been designed on a miscon- 
ception of the genetic nature of hybrid vigor in corn. 

If we must accept either of the first two explanations, we must be pre- 
pared to be content with little more than 20% improvement of corn yield 
in the South by the use of hybrid seed. The extensive work of the past 20 
years on development of hybrid corn in the main corn belt area is not 
likely to be equalled anywhere in the South for a long time. If we may 
find the third explanation correct, our expectations for improvement of 
corn yield may be considerably greater. 

Behavior of corn yield in breeding experiments has been somewhat 
enigmatic. First of all the extensive and long-continued, ear-row selec- 
tions effected hardly any improvement of yield at all. In the two suc- 
ceeding decades selection within and among self-fertilized lines based 
both on appearance of the lines and on hybrid performance effected an 
improvement of 20% in yield. This not inconsiderable result was ob- 
tained early with the first cycle of inbred lines. Later work with second 
and even third cycles of inbred lines has provided little or no further im- 
provement of yield. In contrast second and third cycle lines are fre- 
quently very great improvements over lines of the first.cycle in many 
other desirable characteristics. We recall too that the Illinois ear-row 
selection experiments were very effective in modifying oil and protein 
content of the seed and morphology of the plant. 

In 1935 we began at the Florida Station with a cross of the large, late 
field variety, Tuxpan, and the small, early sweet variety, Golden Cross 
Bantam. Selection was practiced at approximately the rate of the best 
plant in 100 for the most leaves or nodes on the stalk. The astounding 
result, after four generations, was a new strain with an average of 20% 
leaves or nodes above ground. The average for original stock was 13. 
No plant with 20 leaves was observed among some 1300 of the original 
stock. But by measuring the variation statistically of several hundred of 
the original plants it was estimated that one with 20 nodes might have 
been expected once among some 10,000,000. Thus the gain effected by 
growing about 1/, acre of corn each year for four years was approximately 
that of growing 3000 acres the first year and selecting the best single 
plant. The principle involved here is roughly analagous to dilution tech- 
nic. A laboratory utensil is rinsed 3 times successively with 10 c.c. each 
time to obtain the same dilution of contamination with 30 c.c. as would 
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This multiplicative principle must have been understood, at least in 
part, by early operators of ear-row selection. Failure of the ear-row 
method and subsequent success of hybrid corn for improvement of so 
important a character as corn yield have probably caused undue emphasis 
to be given to inbreeding and too little to recurrent selection as plant 
breeding tools. 

Selection for high oil on the ear-row plan continued for 28 years by 
the Illinois Experiment Station achieved a result equivalent to improving 
yield 120%. This comparison is made with due allowance for initial 
genetic variability of the respective characters. Slightly less striking re- 
sults were obtained in separate operations for low oil, and for high and 
low protein. Our result with high number of nodes on the stalk is equiva- 
lent to about a 50% improvement of yield. Amazingly enough, there was 
no apparent loss of genetic variability during any of these selection opera- 
tions. Selection could have been continued further with no lessening of 
effect. 

I must emphasize too that if we should go into a field of corn of the 
original stock of any of these selection operations to look for a single 
plant equal to the final product, we might not find such a plant in 
thousands or even many millions of acres. It is hardly too much to say 
that something really new was produced. But if we should look in a field 
of one of the well adapted old type varieties for a single plant equal in 
yield to the best hybrid so far developed, we would probably find it 
among the first 1000 plants; certainly in the first acre. This is true in 
spite of the much greater effort expended on yield of corn. Of course 
yield is more dependent on environmental variations and more difficult 
to measure but I think we are still forced to conclude that its response to 
breeding effort is unique and slow. I think too that we must learn how to 
make recurrent selection work with yield of corn if we are to go far in 
developing efficient nutritional complexes for the higher levels of fertility 
which good soil management must provide. 

In the latter part of the 19th century there developed among biologists 
a great interest in continuous or recurrent selection as a possible explana- 
tion of the remarkable variations and adaptations of plants and animals. 
Failure of ear-row selection with corn yield may have dampened enthusi- 
asm for that explanation. Success of hybrid corn possibly gave emphasis 
to the theory that isolation and inbreeding are necessary for effective 
selection, as they very probably are. More recently Gossett in Ireland 
and Fisher in England, the two statisticians who developed the “Analysis 
of Variance,” have re-examined the Illinois ear-row data with oil and pro- 
tein. They pointed out the remarkable nature of results obtained that 
I have already noted. Fisher says with respect to the multiplicative aspect 
of continuous selection, that it “—is a mechanism for generating impro- 
bability of very high order.” 

Still more recently I have undertaken an analysis of some of the data 
on yield of inbred lines and hybrids of corn as published by various 
workers or as accumulated from cooperative tests of State Experiment 
Stations and the U.S.D.A. Here another seemingly enigmatic feature of 
corn yield has appeared. If we study the several crosses of a weak inbred 
line with a number of other lines we find on the average, that where the 
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other line is weak the hybrid is weak; also that where the other line is 
strong the hybrid is strong. Among the crosses of a line of medium vigor 
the same tendency is clear but not so strong. Among the crosses of one 
of the strongest lines the tendency is hardly evident at all or in extreme 
cases may appear slightly reversed. The enigmatic feature of these re- 
sults is not that the tendency decreases as we improve the common parent 
of a group of hybrids, but that the tendency disappears when the common 
parent is still a weak inbred line with yield hardly one-half that of an 
average hybrid. 

In analogy, consider a variable herd of cows. If the herd sire is weak 
and nondescript the calves are variable with merit dependent largely on 
that of the dams. The sire is not prepotent. If the herd sire is very good, 
the calves are much more uniform. Those from the poorer cows are not 
much poorer than those from the better cows. The sire is prepotent. A 
completely prepotent bull with offspring from poor cows just as good 
as offspring from good cows would be a very excellent individual. No 
one has seen an animal so good. 

In corn we have apparently a number of inbred lines completely pre- 
potent for high yield. These prepotent lines, while the best we have, are 
quite weak and unproductive in comparison with ordinary corn. 

On current theory of the genetics of hybrid vigor in corn the most pre- 
potent inbred line should be the equal of the best hybrid in vigor and 
yield. This line would not be easily obtained because of genetic linkage 
of favorable with unfavorable factors, but steady progress towards it by 
current breeding methods should be possible. A close approach to the 
goal of a pure line in which all of the more favorable factors are fixed 
would probably make hybrid seed corn with its renewal each year un- 
necessary. On this theory hybridity is not truly fundamental for high 
vigor and yield. pee 

If now we adopt the alternative theory that hybridity is fundamental 
to high vigor and yield all of the enigma of corn breeding experience 
with yield seems to disappear. Ear-row selection failed primarily because 
after each ear-row test the best individual ears were taken from the selected 
ear-rows. The best individual ears were from the most hybrid plants. 
In them excellence was due not to higher than average concentration of 
favorable factors but to a greater than average concentration of hybridity 
—matching of each more favorable factor with a less favorable mate. 
Such selection favors the less favorable almost as much as the more favor- 
able factor. 

Similarly, second cycles of inbred lines from the parents of the ae 
hybrids in the first cycle failed because the best hybrids of the first oye e 
were not those with higher concentrations of favorable factors. mie 
were the most hybrid ones, with no greater proportions of more favorable 
factors than found in original stock. Hybrid corn has succeeded me ie a 
point with certain rare combinations having more than average hybri He 
Such rare combinations when once found are repeatable by recrossing the 

ure parent lines. 
; The fact that a strong inbred line is likely to combine equally as well 
with a weak line as with another strong line, may be explained on present 
theory by the greater expectation of hybridity in the cross of strong 
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Other hitherto unexplained details which now become clear hardly 
need be enumerated here. Nea 

I must emphasize that available evidence is not sufficient for definite 
proof that hybridity is fundamental for high yield of corn. It is simply 
that this theory appears more plausible than any other. It leaves no un- 
explained residue so far as present evidence goes. On this basis we must, 
for the present, consider revision of corn breeding technic towards the 
goal of the greatest degree of hybridity and abandon the goal of the 
greatest concentration of favorable factors. How this may be done has 
been fully described (2), for those regions where hybrid seed corn is 
commercially feasible. 

Where hybrid seed corn is not feasible it would seem well to try ear- 
row selection again or some modification as the one proposed by Jenkins 
(3). In such operations secondary selection based on individual ap- 
pearance must be avoided as strictly as possible. 

The newly proposed breeding plan (2) to develop a superior hybrid 
allows maximum utilization of the multiplicative principle in recurrent 
selection. There is now no apparent evidence to indicate that it should 
fail to isolate combinations many times more rare than any we have seen. 
If this breeding plan should prove to be so powerful, and we have no al- 
ternative to trying it out, it must be carefully directed. If we operate this 
breeding plan with thickly planted test plots of corn following the turning 
of a heavy crop of legumes with potash and phosphate to balance the nitro- 
gen, the selection may be largely for drought resistance. This would be 
particularly likely on lighter soils. If the removal of heavier and more 
frequent crops of corn should cause a deficiency of, for example, magnes- 
ium which was sufficient in the older less intensive system, this deficiency 
might be hard to detect. For if the breeding system is powerful it will 
isolate the combinations which are more efficient and “normal” on the 
deficient soil. Progress will then deviate somewhat from the best course. 
I think it may be desirable for the soil chemist and plant physiologist to 
try to steer the plant breeder on the main course. For this reason I have 
been willing to try to outline the indefinite but promising state of our 
knowledge of the genetics of corn yield, and how we may use that knowl- 
edge in breeding corn for adaptation to soil and climate. 

Of the genetics of yield in peanuts and oats we know even less than 
for corn. Each one of these crops is naturally closely inbred. There is 
little prospect of ever using hybrid seed commercially with either one. 
Oat breeding has so far been largely a matter of isolating disease resis- 
tance in pure strains. 

Just how the principle of recurrent selection may be most efficiently 
employed in breeding such crops as peanuts and oats in relation to soil 
fertility and climate can only be determined by actual investigation of 
the problem with breeding experiments. 
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SYMPOSIUM I: SOIL AND PLANT RESEARCH AS THE 
BASIS FOR A SOUND FERTILITY PROGRAM 


Newell Hall, Friday, February 15, 1946 
9:30 A. M. 


THE SIGNIFICANCE OF EXCHANGE REACTIONS 
IN THE SOIL 


Dr. NATHAN GAMMON ~* 


Normally, plants obtain many of their nutrients for growth from the 
exchange complex in the soil. This exchange complex which is the most 
important nutrient source in the soil consists of the finest soil particles, 
the soil colloids, which may be further subdivided into clay and organic 
matter. The clay particles are formed through the weathering of minerals 
over many centuries of time. The organic matter accumulates from the 


decomposition of the tissues of plants and animals which lived in or on 
the soil. 


In order to follow the exchange reactions through a complete cycle, 
let us assume we start with a virgin soil which we wish to improve. The 
data in this paper are based on an analysis of a Leon fine sand but would 
not be very different from a number of Florida soils. For the sake of 
simplicity we will consider only the exchange reactions of the principal 
cations—potassium, calcium, and magnesium. However, in actual ex- 
perience it would be necessary to consider anion exchange at the same 
time, since they greatly influence one another. 

By chemical analysis we find that this soil contains only a small amount 
of active exchange-complex material. An average value for the exchange 
capacity should be about 5.0 M.E./100 gms. of dry soil, considering 
only the top 6 inches or normal plow depth. Further analysis reveals 
that only about one-tenth of this exchange complex is saturated with the 
nutrient bases, potassium, calcium, and magnesium. The balance of the 
material adsorbed on the exchange complex is hydrogen which only serves 
to increase the acidity of the soil. The pH of soil in this condition will 
average about 4.5. The total quantity of available cation nutrients per 
acre, considering the soil to plow depth, is roughly only 145 pounds of 
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calcium, 55 pounds of potassium, and 8 pounds of magnesium. A clay 
particle in this virgin soil could be diagrammed approximately as follows: 


Ca # H K H H Co H H 
Me Pe Pa ee a a [| 
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#4 = 
| Clay Porticle 
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In order to reduce the acidity and increase the available calcium and 
magnesium on the exchange complex we apply a dolomitic limestone to 
the soil at the rate of 2 tons per acre. This will increase the available 
magnesium by about 400 pounds per acre and the available calcium by 
approximately 680 pounds per acre. The effect on the exchange complex 
will be somewhat as follows: 
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The carbonic acid is leached down into the subsoil and lost through 
the drainage water or decomposes, when the soil dries out, to carbon 
dioxide gas and water vapor and is then lost into the air. The pH of the 
soil has been raised, as a result of the exchange, from 4.5 to about 6.0. 
Approximately 10 percent of the exchange capacity is still saturated with 
hydrogen. This is a satisfactory condition since most plants grown in 
this area make a better growth on slightly acid soils. 

By our treatment of the soil with lime we have greatly reduced the 
ratio of potassium to calcium and magnesium on the exchange complex. 
In order to increase the available potassium, we apply muriate of potash to 
our soil at the rate of 300 pounds per acre. This will increase the total 
available potassium in the soil by approximately 155 pounds per acre. 
The exchange complex responds to an application of muriate of potash in 
the following manner: 


Ca Mg Ga H H Mg K K -€a 
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The calcium and magnesium chlorides formed by the above exchange 
reaction are leached down into the subsoil and are lost through the drain- 
age water. 

Now our exchange complex is considered to be in a high state of 
fertility as far as bases are concerned and is ready to supply these ad- 
sorbed bases to the plant root. It must be understood, however, that the 
exchange complex will not hold bases indefinitely against leaching and 
losses will occur at a relatively slow rate through the following reaction: 
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This reaction is very important since it continuously removes nutrl- 
ent bases from the soil and could eventually replace all of the bases on 
the exchange complex with hydrogen. Such a condition would lead to 
the ultimate destruction of the exchange complex itself, since it tends to 
break down when fully saturated with hydrogen. Losses of this type are 
more rapid in light, sandy soils and-are accentuated by heavy rains and 
high temperatures. . 

As our crop begins to grow and the roots extend out into the soil, one 
root-hair comes into contact with the exchange particle we have been 
representing. When this occurs, an exchange reaction takes place between 
the root-hair and the exchange particle. Hydrogen from the root-hair is 
exchanged for the nutrient bases on the exchange particle until a dynamic 
equilibrium is established. If the bases exchanged into the root-hair re- 
mained in the root-hair, only a limited exchange would take place; but 
since these bases are carried into the above ground portions of the plant 
after transfer from the exchange complex to the root, the exchange of bases 
into the root from the exchange particle will continue until most of the 
bases are removed. In this example the plant obtained the bases from 
the exchange particle by exchanging for hydrogen, since the root con- 
tained hydrogen and relatively few bases and the exchange particle was 
nearly saturated with bases. Had our exchange particle been saturated 
with hydrogen, it is possible for the reverse exchange reaction to take 
place so that bases are actually extracted from the plant root by the ex- 
change particle. This would aid in more rapid mineral starvation of 
the plant instead of contributing to its nutrition. 

We must realize that the growing plant has little ability to selectively 
absorb the nutrients available in the soil. Hence, if we saturate an ex- 
change complex with calcium by excessive liming of the soil we may cause 
such an overwhelming number of calcium ions to be available as com- 
pared to other nutrients that the exchange equilibrium shifts to a point 
where deficiency symptoms of other elements such as potassium or mag- 
nesium appear. Likewise, an excessive application of potash could con- 
ceivably cause plants to become calcium or magnesium deficient. In 
other words, the plant root is not capable of selecting only the minerals 
it requires from the exchange complex but must take what is present in 
quantities dependent upon the equilibrium set up between the root and 
the exchange complex. The exchange complex is then a boarding-house 
rather than a cafeteria for the plant roots. From the foregoing remarks, it 
is easy to understand why studies of the exchange reaction in the soil are 
important in obtaining a balanced plant nutrition. 

Another base exchange reaction which may be very important but 
which is not generally considered as part of the exchange complex is that 
which takes place when plant roots are in contact with raw, unweathered 
minerals. It is true that only a very small part of the total mineral con- 
tent of a plant could be obtained in this manner but it is not the quantity 
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but the kind of minerals that may be obtained that has potential import- 
ance in this case. For example, it is known that plants can obtain sufficient 
iron for normal growth when the roots are in contact with the iron-bear- 
ing mineral, magnetite, and all other sources of iron are removed. Ordin- 
arily, magnetite is not considered to have exchange properties and the iron 
it contains would be classified as unavailable for plant use. It is possible 
that further study of exchange reaction of this type may lead to better 
and cheaper methods of supplying trace elements to deficient soils by ap- 
plication of relatively insoluble minerals. 

Many of the minerals removed by the plant root eventually are carried 
to the above ground portions of the plant. If the plant is permitted to 
grow and die in place, most of the bases will be returned eventually to 
the exchange complex with the remainder being lost in the drainage water 
through the continual leaching processes. When the plant is utilized 
through harvesting or grazing, an appreciable portion of the minerals are 
removed permanently from the exchange complex. All permanent losses 
of nutrients must be replaced through further additions of lime and fer- 
tilizer if the fertility level of the soil is to be maintained. 

It is evident that the exchange reactions, even in soils containing re- 
latively small quantities of the exchange complex, play a very important 
part in the soil. The exchange reactions aid in retaining valuable plant 
nutrients in soils and resist the soil-depleting effects of leaching. Nutri- 
ents adsorbed on the exchange complex are readily available to the roots 
of growing plants. Exchange complexes in many Florida soils have un- 
used adsorption capacity for additional plant nutrients which, if properly 
utilized, should greatly increase the fertility level of these soils. 

One of the most fundamental problems of all agricultural research 
is to keep the soil exchange complex and the exchange reactions at the 
level of optimum performance to facilitate plant nutrition and growth. 
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THE PLACE OF SOIL ANALYSIS IN DETERMINING 
A SOIL FERTILITY PROGRAM 


Dr. Henry C. Harris * 


It was with reluctance that I agreed to discuss the topic assigned me. 
I have been in the State only a short time and will not be able to give you 
anything new on the subject. _ For this reason all I can do is to give you 
my ideas, and as such, there is always room for differences of opinion. 

There has been more work on the question of soil analysis in. relation 
to the fertility program than perhaps any other phase of Soils Research. 
The January 1945 number of Soil Science had sixteen papers dealing with 
methods of soil analysis. They were not all on the fertility phase, but they 
will give you some idea of the quantity of work being done along this 
line, and how impossible it is for me to really cover the subject in the 
few minutes at my disposal. All I can do is to discuss a few points which 
interest me. 

When I began to think about the title of this paper, I at once thought 
of a cartoon which I saw some years ago. An old man was plowing with 
a mule, and his son, who had just come back from college, went out to see 
him. Near them was a dog. The son said, “Dad, the thing to do is to 
have a soil analysis made”. Whereupon the mule sat down on the single- 
tree, the dog ducked his head, and the old man said, “Hah”. The son had 
presented to his father the new idea that a soil analysis could be used to © 
diagnose the situation on the individual farm, and the results used as a 
guide in determining the fertilizer that should be applied. My first re- 
action was that I was to talk on rapid chemical soil tests, but further re- 
flection indicated that there was a second way the subject might be dis- 
cussed, namely, the relation of soil analysis to the research program. I 
shall discuss briefly both phases of the subject. 

First let me tell you what the prevalent idea was fifty or more years 
ago, and without discussing the details of the methods, some of the changes 
which have come about since then in our tests. You know Soil Scientists, 
like other people, do things in cycles. There was a time when most people 
were working on the nitrogen cycle, then at another period every one did 
pH determinations, at another time they all worked on base exchange, 
etc. The subject is not static. There are changes, and the motivating 
influence back of many of the changes has been an effort to arrive at the 
availability of soil nutrients to the plant. 

We know that the growth of a plant depends upon a number of factors. 
Some of them may be listed such as: variety, amount and distribution of 
rain, temperature relations, disease, insect and other pests, drainage, phy- 
sical relations of the soil, biological activity in the soil, chemical composi- 
tion of the soil, and possibly many other factors. Since chemical com- 
position is only one of many factors connected with the fertility problem, 
there was a feeling in the old days that chemical analysis of the soil 
gave practically no information as to the fertility problem. People were 
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told that there was no known extracting solution that would remove from 
the soil the amount of nutrients that the plant would remove, and there- 
fore a chemical analysis would give a poor index as to the availability to 
the plants of these elements. Considering the type of analysis made, I 
believe what was said was just about true. | 

In the early days the usual procedure was to make a total analysis, 
usually by the fusion method, for one element or group of elements in the 
soil. Such an analysis indicated the total supply of any element in the 
soil, but did not differentiate as to whether it was easy, difficult, or very 
difheult to get into solution. Of course, such an analysis did not help 
in telling how much the plant could get. It is possible, for example, for 
the total amount of phosphorus in a soil to be low, and yet the availability 
be good, and there be no response to phosphorus fertilization, and vice 
versa. 

Do not understand me as saying that this type of analysis is worthless. 
In experimental work, where it is necessary to check on the total supply 
of any element, a total analysis is necessary, but it helps us very little in 
connection with the availability problem. 

From time to time new methods of analysis have been devised in an 
effort to arrive at the amounts of elements in the soil more nearly available 
to plants. I might mention the 1/5 normal nitric acid and the one-per- 
cent citric acid method. Dyer," in the case of the one-per-cent citric acid 
method, thought the acid concentration was about the same as that of the 
average root, and probably would extract from the soil about the same 
amount of elements as the crops. Field tests indicated that there was a re- 
lation between the responses to fertilizer, and the indicated need by the 
Dyer method, and yet the relation was by no means a perfect one. 

In recent years all kinds of tests on soils have been made such as pH, 
exchangeable hydrogen, exchangeable bases, base exchange capacity, per- 
cent of base saturation, phosphorus soluble in dilute acid, and the like. 
These determinations are made by standard quantitative methods, and will 
not be discussed here. 

The point I wish to bring out is that exchange of ions are involved in 
most of these tests, and it is generally conceded that the exchangeable ions 
in the soil is the part most readily available to plants. For this reason 
there has sprung up around these tests for exchangeable elements numer- 
ous rapid soil tests. They frequently use some salt solution, such as 
sodium acetate buffered at pH 4.8, to replace the exchangeable ions and 
determine the respective ions by means of qualitative or semi-quantitative 
methods. Such a solution will extract some water soluble material, and 
some material soluble in a dilute acid, but most of it will be the ex- 
changeable ions. The information secured from such a rapid test, while 
not as precise, is similar to that secured by the more rigorous quantitative 
methods. 

Thus the soil chemists during the last 20 years have developed a 
number of rapid soil tests which are widely used in diagnosing the in- 
dividual needs of the farmer. Some states test thousands of soil samples 
annually by these methods. 
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The results of this type of test should not be swallowed, hook-line- 
and-sinker, so let me give you a few of the limitations of the rapid tests. 

A test that works reasonably well on the coastal plain soils, for ex- 
ample, will not necessarily work in the Rocky Mountain area. The test 
has to be worked out and calibrated for the the conditions under which 
it is to be used. Even though the chemical tests are reproducible, the 
results are not always correlated with known field responses. 

There are numerous difficulties in the way of getting a standardized 
technique which will give reproducible results in the same order as quan- 
titative results. Many substances in a soil extract interfere in the determ- 
ination of various ions such as arsenic with phosphorus, ammonium with 
potassium, calcium with magnesium, and the like. Furthermore, a nitrate 
test on a soil which has stood in a box in a moist condition is worthless. 
Peech and English,? have recently published a paper critically evaluating 
some of these points. 

There are no rapid tests I know of that are at all satisfactory for cer- 
tain ions, for example, the minor elements. 

Then there is the difficulty of applying the results, especially to the 
intermediate cases. Before coming to Florida, I suppose I have tested 
20,000 samples of soil by these rapid methods, and I never failed to spot 
places like gardens where there was high fertility. Many of the sandy 
soils, which were easily leached, tested very low. The difficulty was to 
draw the line between the two extremes as to where one would begin and 
end fertilization. Since many of the soils of Florida are sandy and highly 
leached, I suspect that many of them would test low, and only a few, 
those having special treatment or in unusual positions, would test high. 
Under these conditions there probably would not be too many transitional 
cases. 

Furthermore, any supplemental information in regard to the nature of 
the crop or the soil management practice should be considered in con- 
nection with these rapid tests. The same soil type under poor manage- 
ment might need fertilizer, but under good management might not. 

Let me summarize what I think about these rapid tests by saying that 
there are many difficulties, both in the determination and application of 
the results, and yet I believe tests of that nature secured by a careful 
worker are much safer guides than no information at all. Naturally all 
other information should be considered, but it seems to me that we are 
going in the direction of more of these tests. Fifty years ago I doubt 
that one could tell very much about fertility by a soil analysis, but my 
feeling is that during the intervening time we have made great progress, 
and I think that if all the tricks of the trade are applied, much now can 
be learned. 

With reference to the question of soil analysis in connection with the 
research program let me give some examples of how it would help in a 
better understanding of the situation in connection with the soil fertility 
program. 

I have just indicated that the results of rapid soil tests should be care- 
fully correlated with plant response under field conditions. The best 
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place to calibrate such results is in connection with fertility experiments 
where general chemical information in regard to the soil is available. 

Suppose one wished to find out whether lime is helpful to crops in 
this State and a number of tests are conducted. When the results are in, 
they probably will show that in some cases it was beneficial, in some 
cases it had no effect, and in some cases it was actually detrimental. With- 
out such chemical information as the pH of the soil, exchange capacity, 
and the exchangeable calcium, the results cannot be properly interpreted. 
If the soil is already well filled with lime, additional lime would change 
the reaction of the soil to such an extent that the minor elements might be 
precipitated and the availability of other elements decreased, thus re- 
sulting in a detrimental effect. On the other hand, suppose the soil was 
low in lime, an application probably would be beneficial. The lime situa- 
tion in sandy soils such as we have in this State is a delicate one. The 
base exchange capacity is very low in many cases, and it does not take 
much lime to saturate the soil. Furthermore, it is possible that in Florida 
we may have some of the lateritic types of soil colloids which are not 
very acid, even when there is little lime present. Under those conditions, 
it is possible to have a shortage of calcium in the soil even when the pH 
is not low. In such cases a small amount of lime applied more frequently 
might be valuable, but a large quantity at any one time might change 
the reaction to such a degree as to get one into trouble. In such lime ex- 
periments chemical information is necessary in order to properly evaluate 
the results. 

Phosphorus fertilizers are important in this State both because they 
are manufactured here and are used liberally by the farmers. Now sup- 
pose one wished to find out whether phosphorus fertilization gave a re- 
sponse in some area of the State, and conducted an experiment to show 
that point. If moderate applications of phosphorus gave no response, 
would it prove that the soil did not need phosphorus? Not at all. There 
is such a thing as fixation of phosphorus by soils so that growing crops 
do not receive the added phosphorus. Furthermore, as a general thing, 
phosphorus is more available to plants when the pH value of the soil is 
near 6. No adequate explanation as to the response to phosphorus can be 
given until chemical information is available, especially in relation to 
fixation and the lime situation. 

The nitrogen problem is definitely associated with the decomposition 
of organic matter. If the soil organic matter readily decomposes con- 
verting the nitrogen of the decomposing plant material into available 
nitrates, the growing crops are benefitted. On the other hand, if that 
transition does not occur, the growing crop may suffer from the lack of 
nitrogen. Lime is known to stimulate the nitrifying organisms. Further- 
more, most legumes require lime in order to successfully grow, and fix 
nitrogen in the nodules on the roots of the plant. For these reasons lime 
has sometimes been called an indirect nitrogen fertilizer. Therefore any 
fertility problem dealing with nitrogen is not adequate without chemical 
information especially in connection with the lime situation. 

Suppose a person were studying the minor elements and found that 
in one experiment a soil type responded to applications of boron. Would 
that mean that this soil type usually responds to boron? Not necessarily. 
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It could be that the area had been over limed. Overlimed soils frequently 
respond to boron, when otherwise they will not. A soil test would quickly 
indicate the overlimed condition. 

I could take other essential elements and discuss them in a similar 
way, but the point is that in plant nutrition the effectiveness of any one 
element may be influenced by something else. We need soil analyses to 
round out the picture. Practically all science needs assistance from other 
fields. Some of the best soil chemists work pretty largely with physics, 
physicists become mathematicians, and mathematicians become astrono- 
mers. Soil tests supplement the information for the crops man. On the 
other hand, soil analysis should be supplemented by crop information. 
The final judge of what is available to the plant is the plant itself. In 
some of the best known methods of determining availability to the plant, 
the plant itself is analyzed to find out what it has been able to secure 
from the soil. In most cases one is primarily interested in a good crop. 
Many of the soil analyses are more inadequate without information as to 
what the plant took up than a fertilizer test without any soil analysis. 
The point is that we need well-rounded information. 

Obviously we would be able to do fewer experiments if we undertook 
to get this more complete information, but | am wondering if that is not 
what we really should do. It seems to me that the fertility problem is a 
specific one, rather than a generalized one. Let me illustrate what I mean 
by that. The farmer wants to know what fertility program is good for his 
specific case and not what is good for the State in general. A fertilizer 
that is good for the State in general might in fact be very poor for many 
situations in the State. In order to understand best the fertility situa- 
tion of any special area, it is necessary to have the supplementary chemi- 
cal information about the soil. I am wondering, therefore, whether it 
would not be better to secure more, well-rounded information on selected 
situations, rather than have more experiments with less complete infor- 
mation. If that were done the individual results would apply to the local 
situations, and a few experiments of that type would fairly well cover 
the different situations in the State. In that way one would go from the 
specific programs to the more generalized program for the whole State. 
As I see it, in connection with the fertility problem, one never can take 
the generalized answer worked out for the average of the State, and apply 
it directly to the local situation. It is always an individual matter and 
must receive that type of consideration. 

I am of the opinion, therefore, that more integrated research would 
be better. It seems to me that supplementary information is necessary in 
most problems and fertility studies are not complete without soil analysis. 

A summary of what I have said is hardly necessary. I believe that 
there is a place for rapid soil tests and I am convinced there should be 


more chemical information concerning the soil where there are fertilizer 
experiments. 
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THE INFLUENCE OF SOIL TYPE ON THE RETENTION 
OF SOLUBLE PHOSPHORUS 


Mr. G. T. Sts * 


In 1943 several phases of research were initiated for the purpose of 
studying the nutritive value of foods produced in Florida and the factors 
influencing their quality. The Horticulture Department laid out some 
plot tests throughout the State on several different soil types. Some re- 
sults obtained from the crops used have already been reported by Dr. B. 
E. Janes in his paper entitled, “The Relative Effect of Variety and Envi- 
ronment in Determining the Variations of Per Cent Dry Weight, Ascorbic 
Acid and Carotene Content of Cabbage and Beans.” Through co- 
operation with the Horticulture Department soil samples were collected 
from these experimental plots and analyzed by the Soils Department. 
Results of these analyses together with treatments applied and crop yields 
obtained are reported in this paper. 


PLAN OF EXPERIMENT 


The kind and amounts of fertilizer used in each area were based on 
what was considered to be a normal practice in the area. Three treatments 
were used in each area. The normal rate comprised one treatment. The 
other two rates were 14 and 11% times normal, except at Sanford where 
the highest rate was only 114 times the normal. Two vegetable varieties 
were used in every experiment. 

Fourteen experiments from which soil samples were taken consisted 
of 12 plots each. One at West Palm Beach consisted of 24 plots. Replica- 
tions for each fertilizer rate and each vegetable variety occurred 4: and 6 
times respectively in all 12-plot experiments, and 8 and 12 times in the 
bean experiment at West Palm Beach. 

The soils used for all experiments had been allowed to remain fallow 
for at least six months prior to planting these tests. This was considered 
sufficient time for natural soil conditions to overcome any major varia- 
tions in fertilizer applications previously applied. Therefore, it is as- 
sumed that data obtained in the analysis of soil samples taken from each 
experiment just before planting or fertilization would represent the 
normal state of the soils at the time of their respective planting seasons. 
The planting seasons ran from October through March. 


EXPERIMENTAL METHODS 


Surface soil samples consisting of a composite of 15 to 18 plugs were 
collected from every plot before planting and at time of crop harvest, 
except at Belle Glade and West Palm Beach. Only duplicate preplant 
samples were taken from the whole experiment on which cabbage and 
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beans were planted at Belle Glade and from the cabbage experiment at 
West Palm Beach. All soil samples were air-dried, sieved through a 
2 m.m. sieve, and stored in moisture-proof containers for analysis. Mois- 
ture equivalent values were determined by the centrifuge method and 
calculated to an oven dry basis. Organic matter content was determined 
on soils, low in organic matter, by the modified Schollenberger method and 
by loss on ignition on the mucks and peats. Soil pH was determined 
potentiometrically with the glass electrode using 50 gms. soil to 100 mls. 
distilled water. Soluble phosphorus was determined colorimetrically 
after extraction with 0.002 N sulfuric acid buffered to pH 3.0 with am- 
monium sulfate. 


RESULTS 


These experiments were designed primarily for horticultural tests. 
The variations in fertilizer formulas and rates applied to the different ex- 
periments precluded a study of many important soil type relationships 
that might have been found if these factors had been constant. However, 
the soil data together with yields obtained show some interesting and un- 
explainable differences. 

The graph in Fig. 1 shows the average pounds per acre of 0.002 N 
sulfuric acid soluble phosphorus found in the soils on which each experi- 
ment was located. It also shows the average phosphorus applied in each 
of the three treatments and the soluble phosphorus found in the harvest 
soil samples. Hereafter the 0.002 N sulfuric acid soluble phosphorus 
shall be referred to as soluble or readily available phosphorus. 

The levels of soluble phosphorus found in the preplant soil samples 
varied tremendously. The Manatee fine sandy loam at Bradenton on 
which cabbage was grown contained an average of 1203 lbs. per acre 
while only 3 lbs. per acre were found in the preplant soil samples taken 
from the experiments on Marl] soil at Homestead on which tomatoes were 
planted. Everglades peat at Belle Glade was next lowest with 28 lbs. per 
acre. The Arredondo fine sandy loam at Gainesville was second highest, 
containing 515 lbs. per acre at time of planting. 

Despite the high level of soluble phosphorus present in the Manatee 
fine sandy loam at time of planting, the average fertilizer treatment used 
there contained more phosphorus than was applied to any other experi- 
ment. These plots gave an average yield of 12.1 tons of cabbage per acre 
which was the second highest yield obtained from all experiments. The 
soluble phosphorus retained in the soil at time of harvest at Bradenton 
was greater than that of the preplant level plus that applied in the fertilizer. 
Taking the plots by treatment, it can be seen in Table 1, that only the 4 
plots to which the lowest fertilizer treatments were applied and which 
gave the lowest average yields were those in which the soil showed an 
increase in soluble phosphorus recovery. Yield increases were obtained 
from plots that received the normal and 114 normal treatments. 

Figures given in Table 1 are the averages obtained from plots to which 
the same treatments were applied. These data in the Table are arranged 


according to treatment. The phosphorus applied in the fertilizer used 
for each treatment is shown in the third column. 
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TOMATOES (Homestead) 
Marl 


BEANS (Homestead) 
Marl 


CABBAGE (W.P. Beach) 


Portsmouth loamy fine sand 


BEANS (W.P. Beach) 


Portsmouth loamy fine sand 


CABBAGE (Belle Glade) 


Everglades peat 


BEANS (Belle Glade) 


Everglades peat 


CABBAGE (Leesburg) 
Norfolk fine sand 


CABBAGE (Quincy) 


Marlboro fine sandy loam 


BEANS (Quincy) 


Marlboro fine sandy loam 


CABBAGE (Gainesville) 


Arredondo loamy fine sand 


BEANS (Gainesville) 


Arredondo loamy fine sand 


TOMATOES (Gainesville) 


Arredondo fine sandy loam 


CABBAGE (Sanford) 


Leon fine sand 


CABBAGE (Hastings) 


Bladen loamy fine sand 


CABBAGE (Bradenton) 


Manatee 
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SOLUBLE PHOSPHORUS, POUNDS PER ACRE 


Figure 1—The retention of soluble phosphorus in soils of different types when 
subjected to treatment and cropping. 


Preplant soil samples from plots on Bladen loamy fine sand at Hast- 
ings contained about 1/3 as much soluble phosphorus at time of planting 
and received only 2/3 as much fertilizer, containing the same per cent 
phosphorus but yielded an average of 0.7 of a ton more cabbage than 
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did the plots on Manatee fine sandy loam at Bradenton. Yields, from 
both locations, correlated with treatment but phosphorus recovery in the 
soils decreased under the normal and 114 normal treatments. The pH 
of the Bladen soil was about 2.5 units lower than the nearly neutral Mana- 
tee soil. Both soils decreased proportionately in pH during the growing 
season. 

The data obtained from cabbage, bean and tomato experiments on 
Arredondo soil at Gainesville; from cabbage and beans on Marlboro at 
Quincy and from the bean experiment on Marl at Homestead all gave 
decreases in phosphorus recovery for all treatments. Furthermore the 
highest treatments applied gave decreases in phosphorus recovery and 
yields from the cabbage and tomato plots at Gainesville; and from the 
bean plots at Quincy and Homestead. Yields resulting from the highest 
treatment applied to the bean plots at Gainesville gave only about a one 
per cent increase over the normal or medium treatment. And in these 
plots there was hardly any difference in the phosphorus recovery regard- 
less of yield or treatment. 

Bean experiments on Arredondo soil at Gainesville and on Marlboro 
at Quincy were planted on the same plots as the preceding cabbage ex- 
periments. All the bean plots at both locations were treated with the 
same corresponding treatments as was previously applied to the cabbage 
plots, but the actual quantities of fertilizer used were less. 

Uniform changes in the phosphorus levels occurred in the Arredondo 
loamy fine sand at Gainesville during the production of two crops. The 
harvest soil samples taken at time of cabbage harvest contained an aver- 
age of 22 pounds per acre less soluble phosphorus than was found in the 
preplant samples. A further decrease of 23 pounds per acre in the har- 
vest samples occurred during the succeeding bean growing period. 

The tomato experiment on Arredondo fine sandy loam at Gainesville 
was located about one hundred yards up a gentle slope from the cabbage 
and bean plots. In these plots no change was found in the average phos- 
phorus level between the preplant and harvest soil samples. 

Data obtained from the bean and tomato experiments on Marl at 
Homestead show some interesting variations. The soil of the East Glades 
experiment on which beans were planted contained an average of 45 
pounds soluble phosphorus per acre at time of planting and increased to 
only 63 lbs. per acre at time of harvest. An average of 39 pounds per 
acre was applied in the fertilizer and the resultant decrease in phosphorus 
recovery was 17 pounds per acre. The tomato plots showed entirely 
different results. The phosphorus found in the preplant soil samples 
from the tomato plots at Homestead was only 3 pounds per acre and rose 
to 142 pounds per acre at time of harvest. The average phosphorus ap- 
plication was about 70 lbs. per acre and the resulting phosphorus recovery 
was 69 lbs. per acre. In each case the optimum treatment for crop pro- 
duction seemed to be the normal fertilizer rate applied. 

Norfolk and Leon fine sands at Leesburg and Sanford differed rather 
peculiarly in their ability to retain soluble phosphorus. The preplant 
soil sample from the Leon fine sand contained more than 5 times as much 
as the Norfolk at Leesburg. The lowest treatment applied to the Leon 
soil gave the lowest average yield and the greatest phosphorus recovery. 
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Only one pound more of phosphorus was contained in the highest treat- 
ment applied to the Norfolk soil at Leesburg which gave the greatest phos- 
phorus recovery and the highest yield. 

Phosphorus recovery in the West Palm Beach and Belle Glade experi- 
ments was rather closely associated with treatments. Yield records were 
not obtained at West Palm Beach, but yields and phosphorus recovery 
seemed to be closely associated in both the cabbage and bean experiments 
on Everglades peat at Belle Glade. 


DISCUSSION OF RESULTS 


The physical and chemical soil characteristics as determined here, 
varied widely between soil types. None of these characteristics alone 
however, could specifically account for the variations in the levels of 
soluble phosphorus found in the soils at time of planting. The highest 
soluble phosphorus levels in the preplant soil samples were found more 
often in soils which were rather low in organic matter but had compara- 
tively high moisture equivalents. And in general those soils high in or- 
ganic matter contained less soluble phosphorus at the time of planting. 

Soil pH ranged from 4.4 to 7.5; organic matter from about | to 86.4 
per cent and moisture equivalent from 3.2 to 109.5 per cent. 

Differences in one or more soil characteristics within the same type 
was generally associated with the variations in the preplant soluble phos- 
phorus levels found between plots in the same experiment. Figure 2 
shows the influence of moisture equivalent and organic matter on the re- 
tention of soluble phosphorus in Bladen loamy fine sand at Hastings on 
which the cabbage experiment was planted. These data are somewhat 
representative of most experiments. Moisture equivalent alone seemed 
to be the most important factor associated with phosphorus retention in the 
Arredondo fine sandy loam at Gainesville on which tomatoes were grown. 

Soil analyses for the Bradenton and Hastings experiments showed 
high levels of soluble phosphorus. Both experiments gave similar results 
in regard to yields and phosphorus recovery, yet their soil characteristics 
were quite different. If the crop demands for phosphorus in the plots 
which received the highest treatments and which gave the highest yields 
was as great as indicated by the decreased phosphorus recovery, it would 
seem that the phosphorus level in the harvest samples would also have 
decreased. In view of the fact that only about 4 pounds of phosphorus 
is contained in 10 tons of cabbage, most of the phosphorus applied was 
removed by some other means than through the crop. 

From the data obtained in this study there seems to be two groups of 
soils which can be discussed together because of the somewhat similar 
results obtained regarding their retention and maintenance of soluble phos- 
phorus. 

One group of soils used gave decreases in phosphorus recovery under 
all treatments regardless of yields. The experiments included in this 
group are those on Arredondo loamy fine sand and fine sandy loam at 
Gainesville; on Marlboro fine sandy loam at Quincy and the bean experi- 
ment on Marl at the East Glades farm in Homestead. 

The second group that can be discussed together are those which gave 
increased phosphorus recoveries under all treatments. All soils in this 
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Figure 2.—Correlation of organic matter content and moisture equivalent value with 
retention of soluble phosphorus in a Bladen loamy fine sand at Hastings. 


group were also characterized as containing 4 per cent or more organic 
matter. Included in this group are the bean and cabbage experiments on 
Everglades peat at Belle Glade and Portsmouth loamy fine sand at West 
Palm Beach and the tomato experiment on Marl at Homestead. 


47 


In general the soils highest in organic matter contained less soluble 
phosphorus at the time of planting but gave greater increases in phos- 
phorus recovery than the more mineralized soils containing less organic 
matter. 


CONCLUSIONS 


Numerous explanations may be offered as to the differences in the 
data obtained from these experiments on several soil types. But from the 
data shown here the most practical explanation must lie in the changes 
that take place in the soil solution of various soil. types when certain 
essential and non-essential constituents are applied in fairly large quanti- 
ties to the soils. 

Phosphate ions in the soil solution are known to assume different 
valences and to form numerous complexes, the nature of which is in- 
fluenced largely by the nature of the exchange complex, its ions and the 
ions added in the fertilizer mixtures. 

In some of the more mineralized soils having a fairly high colloidal 
content certain elements might have been present in sufficient quantities to 
satisfy plant requirements even after fixation had taken place. Such 
conditions might have caused the decreases in phospherus recovery with- 
out affecting yields in the cabbage experiments at Sanford, Belle Glade, 
Bradenton and Quincy. 

Under certain other soil conditions one or more essential elements, 
present in minute quantities, might be included in this fixation. In this 
case a deficiency would occur which would limit or depress yields in pro- 
portion to the fixation that took place. A deficiency of this kind might 
account for the low yields associated with low phosphorus recoveries in 
the cabbage and tomato experiments at Gainesville and the bean experi- 
ments at Quincy and Homestead. 

Most of the essential minor elements are known to be deficient in all 
the Glades peats and Mar] soils. Manganese, zinc and copper were added 
to the soil used for the cabbage experiment on Everglades peat but not 
to the bean experiment, which could account for the lack of correlation 
between treatment and yields from the bean plots on Everglades peat. 
Manganese was applied to both experiments on Marl at Homestead. Had 
the soils used for the bean experiments at Homestead contained the same 
amount of organic matter and received the same treatments, similar re- 
sults might have been obtained from both experiments in regard to phos- 
phorus retention. 

These data obtained from experiments located throughout the State 
show that plant-soil relationships are widely different with each soil type 
and that considerable variations may be expected even from the same 
soil type in different areas. 
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LEACHING AND THE AVAILABILITY OF COPPER AS 
AFFECTED BY PHOSPHORUS AND LIME 


Vinee es Game eRe 


There has been some evidence ! that with increasing soil applications 
of phosphorus there is less assimilation of copper from the soil by some 
plants. It has also been shown? that applications of superphosphate to 
some soils will increase the leaching of this element. In view of these 
reported facts an experiment was designed to study simultaneously the 
effect of varying amounts of phosphorus and lime in relation to copper 
leaching on the one hand and its availability to plants on the other. 


EXPERIMENTAL PLAN 


Thirteen treatments with varying amounts of phosphorus, lime and 
copper were set up in 4-gallon lysimeter pots having hard, glazed sur- 
faces inside and out. The surface 8 inches of a virgin, Norfolk fine sand 
was used. The pots were set in the ground with appropriate outlets from 
below and exposed to natural weather conditions. The phosphorus was 
supplied from C.P. mono-calcium phosphate, the copper from C.P. copper 


TABLE 1.—Inir1at TREATMENTS Given A NorFoLK FINE SAND UNDER LYSIMETER 
CONDITIONS AND THE ResuLtTinNG PH oF THE SoIL UNDER EAcH CownpiTIon. * 


| Mono-Calcium_ | ; 
| Calcium Phosphate | Copper pH of Soil _ 
Soil | Hydroxide | Ca (HzPO.)2.H2O| Sulfate | 
Treatment | Ca (OH). Equivalent to: | CuSOx.5H2O | Time Second 
No. (Tons | {Lbs. P2O;-per | (Lbs. per of Plant 
per Acre) | Acre) Acre) Seeding | Sampling 
1 0.8 —- | 50 6.9 6.9 
2 0.8 140 | 50 6.8 6.8 
3 | 0.8 350 50 6.9 6.8 
4 0.8 700 50 OI 6.7 
5 0.8 1400 50 6.8 6.8 
6 0.8 2000 50 Gm 6.7 
7 0.8 1400 — 6.8 6.8 
38 0.8 1400 500 6.7 6.8 
9 — 140 50 Dell 5.8 
10 1.6 140 50 Th Tel 
iit — 1400 50 Spit 5.9 
12 1.6 1400 50 Ls (les 
13 Be 1400 50 el) 8.0 


* Treatments made October 26, 1944. 


* Assistant Chemist, Soils Department, Florida Agricultural Experiment Station, 
Gainesville. 
1Forsee, W. T., Jr. and R. V. Allison. Evidence of Phosphorus Interference in 
the Assimilation of Copper by Citrus on Organic Soils of the Lower East Coast of 
Florida. Proc. Soil Sci. Soc. of Fla. Vol. VI. 1944. tae inter PD: ; 
= ison, V. C. The Behavior of Manganese, Copper and Zinc in the Organic 
Reet ee hplexe of some Florida Soils. Proc. Soil Sci. Soc. of Fla. Vol. VI. 1944. 
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sulfate with 5H.O (bluestone), and the lime from a “purified” grade of 
calcium hydroxide. These compounds were applied by mixing them 
thoroughly with the air-dry soil before placing it in the pots. 

The thirteen treatments were set up in quintuplicate according to 
Table 1 except for treatment No. 6 of which there were only four 
replicates. This made a total of 64 treated lysimeters, each representing 
1/50,000 of an acre in area. 

The pots were filled October 26 and wet with equal quantities of tap 
water. The amount of water used was not enough to cause leaching. 
Leaching did not begin until the second month, when the rainfall in- 
creased slightly. The pots were exposed to normal weather conditions for 
five months in order to reach a reasonable degree of equilibrium. During 
this time several samples of leachate were collected and analyzed spectro- 
graphically by a rough estimate method. The analyses indicated the 
amount of copper lost due to leaching to be less than 0.5 percent of the 
copper added. This, of course, is an insignificant amount. Each pot was 
then treated -with a solution of C.P. potassium nitrate equivalent to 110 
pounds per acre and then seeded with pear! millet. 

The millet came up to a good stand in all pots and it was then thinned 
to one plant per pot. One month later the plants in all the pots began to 
show a yellowing which suggested some overall deficiency. Each culture 
was then treated with the equivalent of 5.5 pounds of boric acid (H3BOs3). 
11 pounds of zine sulfate (ZnSO4.7H2O), 55 pounds of magnesium sulfate 
(MgSO,4.7H2O) and 55 pounds of manganese sulfate (MnSO,.4H.O) per 
acre. 

Two weeks later the first samples of millet leaves and stems were 
taken. Leachate samples were taken at the same time. The latter samples 
represented the total leachate from shortly before the millet was planted. 
The millet samples from the same treatments were combined thus making 
thirteen samples in all. 

The millet grew out from the stubble left in the pots. This time no 
evidence of yellowing appeared. Neither was there observed at any time 
any significant difference in growth of the millet on any of the treatments. 
Two months after the first sampling, the plants were sampled for the 
second time. Another leachate sampling likewise was taken. The millet 
leaves and stems were all retained as separate samples making a total of 
64. The seed heads from the same treatments were combined giving 
thirteen additional samples. All leachates were maintained as separate 
samples, making a total of 128. 

The last two series of leachate samples and the millet samples were 
analyzed for copper spectrographically by the use of a quantitative in- 
ternal standard. The leachates of the last series were also analyzed for 
phosphorus. 


PRESENTATION OF DATA 


Figures | and 2 show the copper content of millet and the leachates 
from the two samplings for the six treatments where the amount of mono- 
calcium phosphate used in the initial soil treatment was the only variable. 
The points on Curve I and II of Figure 1 are the results of analyses made 
on the combined samples from the same treatments. All the other points 
are based on averages of analyses of 4 or 5 samples receiving the same 
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nee These curves represent treatments 1 through 6, all of which 
ad 50 pounds of copper sulfate and 0.8 tons calcium hydroxide per acre 
besides the varying amounts of mono-calcium phosphate. (See Table 1). 
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Figure 1.—Effect of variable phosphorus treatment upon the copper content of 
millet plants growing in a Norfolk fine sand under lysimeter conditions in the open. 
(Curve I first sampling. Curves IH and II second sampling.) 
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The above treatment gave a soil pH of about 6.7 for all pots. An 
examination of Figure 1 shows that the amount of copper in the plant de- 
creases with increasing amounts of phosphorus in the soil treatment, while, 
at the same time, the copper in the leachate increases up to a certain rather 
high level of phosphorus treatment and then decreases at the higher levels 
of this element. The large difference between the copper in the first 
and second samplings of millet is probably due, in part at least, to the 
lower availability of copper at the time of the second sampling; partly 
perhaps also to the state of maturity of the millet at the time of the latter 
sampling. However, as will be shown later, the effect of time on the in- 
fluence of lime may be the major factor. In studying Figure 2 it should 
be kept in mind that Curve I represents leaching which took place five 
months after soil treatments and Curve II that which took place about 
seven months after soil treatments. 
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Figure 2.—Effect of phosphate treatment upon the copper content of leachates 
received from millet cultures growing in Norfolk fine sand as referred to in Fig. 1. 
(Curve I first sampling. Curve II second sampling.) 


The influence of mono-calcium phosphate on copper seems to be true 
at various levels of pH in the soil. Table 2 gives the results for two levels 
of phosphorus at two different soil pH levels. It will be noted that the 
same trends are evident in the first millet sampling and in both leachate 
samplings. However, these trends are not so evident in the second millet 
sampling. The higher pH seems to increase the copper in the plant and 
decrease it in the leachate at the time of the first sampling. This is ap- 
parent from Figures 3 and 4 where calcium hydroxide is the only variable 
in the soil treatment. It will be noted, however, that the plant response 
seems to level off by the time of the second sampling, as was indicated 
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TABLE 2.—Varration oF Copper 1N MILLET AND IN LEACHATE WITH DIFFERENT 
PuospHorus TREATMENTS at Two Levers or Som pH. ALL TREATMENTS 
IncLupE 50 Pounps Copper PER ACRE. 


| ie ea : _ 
Copper in Leachate ute: in Millett (p.p.m.) * 
pH | P.O; per (p.p.m.) [First | 
Acre | __| Sampling | Second Sampling 
(Lbs.) | First Second | Leaves | Leaves | 
| Sampling | Sampling | and Stems | and Stems |Seed Heads 
| ze 
5.8 140 | .055 004 | 23 4.2 TA 
1400 | -090 | 050 | 9 | 4.4, 55) 
x | 140 | .025 | 025 50 | 4.2 5.6 
feo 1400 | .040 | 027 17 4.1 6.2 
| 


* Oven Dry Basis. 


in Table 2. An examination of Figures 5 and 6 would indicate that the 
same response to calcium hydroxide is obtained when a lower level of 
phosphorus is used except for a rather different result in the leachate 
at the time of the second sampling. 
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Figure 3.—Copper content of millet at various levels of soil pH where soil treat- 
ments contained the equivalent of 1400 pounds P20; and 50 pounds copper sulfate 
per acre. (Curve I first sampling. Curves II and III second sampling.) 


In Table 3 it is indicated that when copper sulfate is added at the 
rate of 50 pounds per acre (of bluestone) to a normal, high-level phos- 
phorus treatment, an increase of copper in both the plant and leachate 
follows. However, increasing the copper to 500 pounds per acre of copper 
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Figure 4.—Copper content of leachate at various levels of soil pH where soil treat- 
ments contained the equivalent of 1400 pounds PO; and 50 pounds copper sulfate 
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(Curves I and II are for first and second samplings, respectively.) 
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Figure 5.—Copper content of millet at various levels of soil pH where soil treat- 


ments contained the equivalent of 140 pounds P 
acre. (Curve I first sampling. 
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20; and 50 pounds copper sulfate per 
Curves II and HI the second sampling.) 
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Figure 6.—Copper content of leachate at various levels of soil pH where soil treat- 
ments contained the equivalent of 140 pounds P.O; and 50 pounds copper sulfate per 


acre. 


(Curves I and II are for first and second samplings, respectively.) 


sulfate in this treatment showed little or no effect on the plant although the 


amount of copper in 


the leachate continued to increase. 


In Figure 7 it is readily observed that varying the application of cal- 
cium hydroxide to the soil affects the leaching of phosphorus at the time 
of the second sampling very much the same as it does copper. 


TABLE 3.—VA4RIATION OF COPPER IN PLANTS AND LEACHATES AT THREE DIFFERENT 
LEVELS oF Copper TREATMENT. ALL TREATMENTS INcLUDE 1400 Pounps PO; AND 


0.8 Tons Lime Per ACRE. 


(Som PH BETWEEN 6.5 AND 7.0.) 


| 


| y ; ; z 
Copper in Leachate | Copper in Millet (p. p. m.)*_ 


Copper Sulfat (p.p.m.) First 
alee (Lbs.) oe Sampling Second Sampling 
First | Second | Leaves | Leaves | 
Sampling | Sampling | and Stems | and Stems |Seed Heads 
| 
0 .010 .003 5.6 BVA | 3.4 
50 .065 035 19.0 4.0 Bye 
500. 185 140 20.0 5.0 | Hell 


* Oven Dry Basis. 


The only significant variation in the yield data for the whole experi- 
ment was a slightly lower value from the treatments which received no 


calcium hydroxide. 


However, there are to be observed two general 


trends, both of which are somewhat contrary to what one might expect. 
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PIN LEACHATE, ppm 


SOIL pH 


Figure 7—Phosphorus content of leachate at various levels of soil pH where soil 
treatments contained the equivalent of 1400 pounds P20; and 50 pounds copper sulfate 
per acre. These samples were taken at the second sampling and are the same as those 
used for Curve II in the preceding graph. This second sampling was eight and a half 
months after soil treatment. 


TABLE 4.—THe Errecr or PHospHORUS AND oF CaALcium HypROxIDE ON THE 
ASSIMILATION OF COPPER BY PLANTS AND Its LEACHING UNDER THE 
ConpiT1ions oF Tuts EXPERIMENT. 


Soil Treatment Trend of Copper 
| In Plant In Leachate 


Mono-calcium 


Phosphate down up 
Caleium 
Hydroxide up down 


A further consideration of the interactions represented by these two 
trends is of considerable interest. In Figure 3 it is apparent that the effect 
of the calcium hydroxide on the copper content of the plant at the time 
of the second sampling is much less, if present at all, than at the time 
of the first sampling. This would seem to indicate that the tendency of 
calcium hydroxide to cause an increase of copper in the plant is no longer 
active at the time of the second sampling. This, of course, could account 
for most of the variations between Curve I and Curve III in Figure 1. 
The differences between Curves I and HI for both Figure 1 and F igure 3 
are about the same when the pH range is the same. Thus it would seem 
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that within the limits of the treatments used, greater effects were produced 
on copper content of the plants by calcium hydroxide than by mono- 
calcium phosphate though the influence of the phosphate appeared to be 
more persistent. 

This experiment has involved only one soil type and one plant type 
during one season. There is a very real need for additional data to de- 
termine whether or not these trends are fairly general and would be dupli- 
cated under different conditions. The same plant response to phosphorus 
already has been observed * where the phosphorus was applied to organic 
soils as superphosphate and the plant was citrus. Furthermore, the same 
soil response to both phosphorus and lime has been demonstrated by 
Jamison * on several soil types. 


SUMMARY 


It seems that two general trends of reaction are evidenced by the data 
developed under the conditions of this experiment. First, increasing phos- 
phorus in the soil treatments decreases copper in the plant and increases 
copper in the leachate. This is true for the leachate only up to a certain 
level of phosphorus beyond which leaching is depressed. Second, in- 
creasing calcium hydroxide in the soil treatment increases copper in the 
plant and decreases copper in the leachate with some exceptions especially 
where phosphorus treatments were low. During the entire period of the 
experiment the total copper leached from any treatment was less than 1 
percent of the copper added. 


? LocuGit. 
elsoe: Cat. 
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NUTRITION OF THE PEANUT PLANT 
(ABSTRACT) 


Dr. Henry C. Harris anp Dr. Rocer W. BLEDSOE * 


Fertilizer treatments generally have had relatively little effect on pea- 
nuts. The reason for that type of result may be due to any one or more 
of the following: (1) the plant might have a low requirement, (2) the 
soil might be well supplied, (3) the experimental technique might be 
faulty, (4) the fertilizer might not be supplied at the right time or in the 
right way, and (5) the plant might have an unusual absorptive system 
capable of supplying itself under almost any conditions. Chemical analy- 
ses indicate that the peanut plant contains large amounts of minerals and 
peanut soils usually are not too fertile, so the first two points have to be 
discounted. The experimental technique may be faulty because until re- 
cently little attention has been given to the nuts left in the soil in the har- 
vesting process. Recent evidence indicates that as many peanuts may be 
left in the soil after harvesting, in some cases, as are harvested. Placement 
of fertilizers has had little effect. However, in some cases, gypsum seems 
to give better results when applied to the tops of the plants at early bloom- 
ing time. The peanut does have an unusual absorptive system. Both the 
roots and pegs, or gynophores, grow in the soil, and as early as 1895, 
Pettit + indicated that the pegs had root hairs and suggested that the pegs 
were a part of the absorptive system. 

The fundamental studies reported in this paper were begun with the 
hope of throwing some light on the inconsistencies of peanut fertilizer re- 
sults. The experiment was designed to show the relative importance of 
the roots as compared to the pegs in the absorption and utilization of 
nutrients. The technique for growing the plants was a special one devel- 
oped for the purpose that is believed to be new. Each plant was grown in a 
single gallon glass jug which completely isolated the fruiting or pegging 
zone from the roots of the plants. This made it possible to supply nutrient 
solutions to the rooting zone or to the pegging zone separately or in combi- 
nation. A complete nutrient solution was supplied to the rooting zone of 
all the plants for 75 days after germination until 30 or more pegs were 
established. At the end of that period different nutrient treatments were 
begun. One hundred and thirty days after germination the plants were 
harvested. 

The treatments greatly influenced flowering and peg production. The 
various deficient solutions except minus sulfur produced striking foliage 
deficiency symptoms and with the exception of minus potassium lowered 
the yields of nuts. Plants grown with a complete nutrient solution in the 
rooting zone, only, had nice foliage but produced no nuts. Normal nut 
production occurred only where there was a complete nutrient solution in 
both the rooting and pegging zones. A full explanation of the results will 
have to await chemical analysis and other data but gross characteristics 


* Associate Agronomists, Florida Agricultural Experiment Station, Gainesville. 
* Pettit, Anna S. Arachis hypogaea L. Torrey Bot. Club, 4 (No. 4) 1895. 
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suggest the following: potassium and sulfur are absorbed by the peanut 
fruit and are more soci translocated to other parts of the growing plant 
than the other elements. Calcium, some of the micronutrients, phosphorus, 
and magnesium may be absorbed by the growing fruit, but they do not 
seem to be translocated in appreciable quantity to the vegetative portion 
of the plant. It appears that the root is the primary absorbing region, but 
because of poor translocation of some of the minerals from ihe plant to the 
growing fruit the demand for the elements by the fruit is in excess of the 
supply and the fruit is capable of absorbing those elements in sufficient 
quantity to meet its demand. 

These results raise the question as to whether it might not be possible 
to approach the peanut fertilizer problem in other ways. 
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THE RELATION OF FOLIAGE AND FRUIT ANALYSES 
TO THE FERTILIZER REQUIREMENTS OF CITRUS 


iDyey, (By, UR Rayer: ~~ 


INTRODUCTION 


The fertilizer requirements for citrus from the-viewpoint of practical 
citrus culture; that is, the amount and quality of fertilizer needed, un- 
doubtedly rests upon several important factors other than the nutrient re- 
quirements of the foliage and fruit. The variations in natural fertility of 
soils and the degree to which nutrients are leached from them are import- 
ant factors to consider as evidenced by the amounts of fertilizer applied 
annually to the hammock soils as compared with the light sandy soils of 
Florida. The manner of fertilizer distribution and the spacing of the trees 
are important factors in determining the amount to apply per tree. Thus 
the amount and quality of fertilizer to apply is a question uppermost in 
the minds of growers, especially those growers who have groves located 
on the light sandy soil types where large amounts of fertilizer are needed 
and leaching is rapid. 

It is the purpose of this paper to show the degree to which foliage and 
fruit analyses reflect the amount (intensity factor) and the kind (quality 
factor) of fertilizer nutrients absorbed by the tree. Due to the limited time 
allotted, this discussion will be confined to results showing the relationship 
or balance between calcium, potassium and magnesium as contained in 
data obtained from plots receiving widely different treatments located on 
Norfolk sandy soils at the Citrus Experiment Station. 


FOLIAGE COMPOSITION 


Vegetative growth responses in citrus are normally observed to occur 
at each of three distinct periods—spring, summer and fall. The spring 
“flush” of growth is perhaps the most profuse and of greatest importance 
since it conforms with the period of fruit bud differentiation and the setting 
of anew crop. Both the time of appearance and the profuseness of growth 
at each of these periods may be sharply modified by temperature, moisture 
and combinations of both. 

Since citrus is an evergreen tree, its foliage at any given time is com- 
posed of many flushes of growth some of which may be three years old. 
The chemical composition of citrus foliage changes somewhat with increase 
in age. Therefore, it is important in making comparative analytical studies 
of the effect of fertilizer treatments that comparable samples of foliage of 
the same flush and age be obtained from all fertilizer treatments in order 
to reduce to a minimum the variation within each sample. It is rather dif- 
ficult to determine the age of foliage produced prior to the current year. 
Therefore, all of the analytical work presented in this paper was obtained 


from foliage produced in the spring of the same year in which the samples 
were collected. 


* Associate Chemist, Citrus Experiment Station, Lake Alfred, Fla. 
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1. The effect of different rates of calcium and magnesium with a con- 
stant rate of Potash (8% KsO) fertilization. 

The use of magnesium bearing fertilizers in recent years has resulted 
in a most favorable response by the trees as measured by vegetative growth 
and crop production. In January 1937 an experiment (Block X) was 
started using fertilizer supplements of different sources of magnesium with 
a basic 4-6-8 (N-P-K) fertilizer without secondaries. This basic fertilizer 
is essentially the same as those generally used in the State for many years 
prior to the time magnesium deficiency was identified. Calcium carbonate 
treatments were also made for comparison with the magnesium sources. 
All supplement treatments were applied the last week of January of each 
year. 

a. Magnesium Carbonate (MgCO;) 

The results obtained with magnesium carbonate (25% Mg), a very fine 
precipitated white powder, are given in Table 1. The 1938 results were ob- 
tained on growth produced after the second annual treatments; and those 
for 1940 on growth produced after the fourth and last annual treatments. 
These results are essentially the same for both sampling periods. Like- 
wise the results obtained in 1939, although not here included, are in close 
agreement with these two years. The widest differences are found in the 
composition of the checks (O MegCO,;) which is probably related to the 
effect of the crop in producing magnesium deficiency. The magnesium 
content of the foliage increases rapidly and to a high level as the amounts 
of MgCO; applied increase. The abundant healthy green foliage which 
was free at all times of patterns of magnesium deficiency gave visual indi- 
cations that magnesium was being absorbed. However, no amount of visual 
study or soil analyses would have shown what happened to the calcium 
and potassium. These two elements decreased in the composition as the 
magnesium increased—the greater decrease occurring with calcium. In 
fact the sum of the decreases in calcium and potassium is approximately 
equal to the total increase in magnesium so that the sum total milliequiva- 
lents of Ca plus K plus Mg in the foliage remained almost constant. It is 
quite apparent that the magnesium carbonate treatments resulted in the 
absorption of magnesium by replacement and not by addition to the ash 
constituents of the leaves. Thus the quality of the composition was 
changed as regards the ionic balance of these three elements while the sum 
of the three remained approximately the same quantity. 

b. Dolomite (CaCO; 50%, MgCO; 36%) 

The results where dolomite was used are similarly shown in Table 2. 
This material contains approximately 36 per cent MgCO3 and 50 per cent 
CaCOs, thus analyzing about 10 per cent magnesium. It is extensively used 
on light sandy soils to control soil pH between 5.5 and 6.0 and to supply 
magnesium and calcium to the trees. The amounts applied in this experi- 
ment extend considerably above normal grove application of 800 to 1000 
pounds per acre. These results show that the absorption of magnesium by 
the trees increases considerably up to the 800 pound rate of application. 
Above this amount the rate of absorption falls sharply in relation to the 
amount applied. This is probably due to the lower solubility of dolomite 
at the resulting higher soil pH values as rates of application increase and 
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TABLE 1.—Tue Errecr or Macnestum CARBONATE SOIL APPLICATIONS UPON THE 
Catcium, Porasstum anp Macnestum Content oF Excetstor GRAPEFRUIT FOLIAGE 
with Grapus (Fics. 1 anp 2) SHowine THE REsULTs FoR EacH Harvest. 


Milliequivalents per 100 grams dry leaves. 


ec Harvested July 20, 1938 Harvested July 30, 1940 

Treatment | Ca K | Mg | Total || Ca K | Mg | Total 
| 

Om 169.4 61.9 29.9 261.2 158.1 61.8 179 | 237.8 
100 157.0 67.6 41.5 266.1 164.1 595.0 30.1 | 249.2 
200 147.8 59.9 41.6 249.3 || 153.6 50.3 36.8 240.7 
400, 135.5 60.0 soul 250.6 || 143.0 52.8 49.8 245.6 
800 129.3 49.0 80.4 25m (PALA || Aisa 79.3 251.6 


1600 109.2 54.3 85.7 | 249.2 106.6 42.6 89.0 238.2 
| | 


* Average of four checks. 
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to the repressive effect of the calcium ions available for absorption upon 
absorption of magnesium by the trees (Figs. 3 and 4). The results of the 
sampling in 1938 show that the calcium ion absorption was apparently 
unaffected by the calcium carbonate in the dolomite. Two years later after 
the fourth annual application the absorption of calcium is generally greater 
than that shown by the check treatment. Likewise, the absorption of mag- 
nesium in 1940 was somewhat lower than in 1938, which indicates that cal- 
cium and magnesium are balancing each other in absorption by the trees. 
That this is not due to cropping will be shown in the results with calcium 
carbonate. 

The potassium application is held constant at 8 per cent in the mixed 
fertilizer applied. Thus it is quite apparent that potassium absorption de- 
creased as the rate of dolomite applied increased. However, the decrease 
in potassium absorption is about the same with dolomite as with mag- 
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Eee = ae pene oF Dotomite Som AppLicaTIONs UPON THE CaLcium- Poras- 
SIUM AND | AGNESIUM CONTENT oF ExceLsior GRAPEFRUIT FOLIAGE WITH GRAPHS 
(Fics. 3 anp 4) SHowrne THE REsuLTSs FoR EACH HARVEST. 


Milliequivalents per 100 grams dry leaves. 


Annual || Seas 4 
Applica- |___ Harvested July 20, 1938 | Harvested July 30, 1940 
tions | | ais TS Pi eae ma 
Dolomite Gata K Meg Total By | 5 
Ibs/acre | | ra nes | os bie 
| | eas aoe i. ieee an ; 
wo | 124 | 619 | 299 | 2612 | 1581 | 618 | 179 | 2378 
2 182.0 53.1 34.2 269.3 155.4 Sy le A | MGS 
400 | 168.9 | 595 | 35.9 | 2643 || 1680 | 502 | 310 | 2492 
800 167.0 53.3 43.5 263.8 169.7 523 || stoi) 258.1 
1600 165.9 Ses 41.7 259.9 163.6 47.9 40.5 252.0 
3200 161.0 59.9 49.1 265.6 178.2 53.3 41.0 DDS 
6400 172.8 04.2 46.5 Zila | 167.6 52:8 39.1 259.5 
* Average of four checks. 
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nesium carbonate (Table 1). This can be attributed to the lower absorp- 
tion of magnesium from dolomite being off-set by nominal increases in the 
absorption of calcium which actually decreased where magnesium carbon- 
ate was applied (Figs. ] and 2). It will be noted that the milliequivalent 
sum of these elements in 1938 are respectively greater, with one exception, 
than in 1940. The largest differences in the sums occur in the check 
treatments and in the low rates of dolomite application. Seasonal varia- 
tion, especially as regards calcium absorption which appears to be in- 
fluenced by moisture, may account for the difference between the sums. 


c. Calcium Carbonate (CaCO3) 
The rates of application of calcium carbonate are the same as those of 
dolomite. The results are given in Table 3. The trees in these plots were 
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at the time in a very poor condition due to the deficiency of magnesium, 
the soil supply of which was very low at the beginning of the experiment 
in 1937. Of course the condition was aggravated by the additions of cal- 
cium carbonate which accentuated the already wide Ca/Mg ratio in the soil 
and gave rise to the general appearance commonly observed in “over- 
limed” groves. 

The absorption of calcium by the trees was quite apparent from the 
analyses made in 1938 and much more so in 1940. In fact the milliequiva- 
lents of calcium absorbed (266.6) in 1940 after four annual applications 
each of 6400 pounds of calcium carbonate per acre is approximately equal 
to the sum (Ca plus K plus Mg) absorbed in 1938 at about the same time 
of year. Calcium appears to be slow in reaching contact with the roots. 
In 1940 the soil of plots receiving the larger rates of application were above 


TABLE 3.—TuHe Errecr or Catcium CARBONATE SoiL APPLICATIONS UPON THE 
Catcium, Porasstum anp Macnesium Content oF ExceLstor GRAPEFRUIT FOLIAGE 
witH Grapus (Fics. 5 anp 6) SHowrnc THE ResuLTs For EacH Harvest. 


Milliequivalents per 100 grams dry leaves. 


Caco; 
Applica- Harvested July 20, 1938 | Harvested July 30, 1940 
tion 
Ibs/acre | Ca K Mg Total | Ca K Mg Total 


Ge 169.4 61.9 29.0 261.2 158.1 61.8 eo 237.8 
200 188.3 54.3 28.5 Atl 164.7 60.9 14.1 239.7 
400 191.1 54.1 24.2 269.4. 170.0 5t.9 15.0 242.9 
800 205.4 48.4 24.2 278.0 IMG 50.7 16.9 299.3 

1600 200.0 51.4 24.8 276.2 223.6 48.6 17.9 290.1 
3200 192.4 54.9 21.3 268.6 ates || HIS) 16.5 306.3 
6400 199.9 92.2 | 24.5 276.6 266.6 46.2 20.0 332.8 


* Average of four checks. 
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pH 7.0 and there was an excess of free CaCOs present. It is conceivable 
that the fibrous roots came into direct contact with the solid phase of cal- 
cium carbonate thereby enhancing calcium absorption. The effects of or- 
ganic matter which is very low in this soil and the organic acids are not 
considered to have had much influence in bringing the calcium into solu- 
tion. The effects of the acid N-P-K fertilizer and sulfur residues from 
spray material may have had some influence. 

The repressive effect of calcium carbonate upon potassium absorption 
from 8 per cent fertilizer is quite evident in the results for both years, 
especially in 1940 (Figs. 5 and 6). It is interesting to note that the repres- 
sive effect upon magnesium is not so great due apparently to the severe 
deficiency of this element in these plots. Although the results with dolo- 
mite showed some indication, especially in 1940, of an increase in the 
milliequivalent sum (intensity factor) of these three elements in the foli- 


TABLE 4.—Tue Errecr or Murtate oF PorasH APPLICATIONS IN MIxeD FERTILIZERS 
UPON THE Catcium, PoTasstum AND MAGNESIUM IN VALENCIA AND HAMLIN ORANGE 
FOLIACE WITH GRAPHS (Fics. 7 anp 8) SHowiING THE ResuLts For Eacu Harvest. 


Milliequivalents per 100 grams dry leaves. 


Unit of 
K.O ee Hansted ane 4, i | sania August 23, 1945 
Ferti- | 
lizer Cag ie ke Mg |.) Total }| . Ca K Mg Total 
0 176.6 35.0 47.0 258.6 124.2 50.4 48.6 | 223.2 
2.0 160.5 49.0 | 38.4 247.9 110.8 62.4 40.8 214.0 
5.0 142.2 58.7 34.9 235.8 115.1 | 68.8 41.6 225.5 
8.0 137.5 62.3 32.4 22:2 105.2 73.4 37.6 216.2 
10.0 Lote 67.8 PACT Zo 99.8 78.0 38.5 216.3 
12.0 131.5 67.7 26.4 225451 90.0 82.5 ahr) 210.8 
16.0 116.8 Ta 23.4 215.4 93.2 88.4 ole 213.3 
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at XVIN1491-1518 xVIIE1765-94 
250 250/- 
ae 3 Lose ay 2 Bg Ca Ke get 
F200 4 > 200F ; 
: 175 ;| : 
8 150 =| 8 
= 125 2 co 5| 2 
z i z 
° 1OOr =a 5 
; ap K . 
e 50 4 8 
: it F ected w 
2 = 
EE TES aes ad 126 0 (ema Ke) 50 8.0 100 120 160 
UNITS OF K,0 IN FERTILIZER UNITS OF K,O0 IN FERTILIZER 
Figure 7 Figure 8 
August 4, 1943 August 23, 1945 


65 


age, the intensity of composition where calcium carbonate is applied in- 
creases as the application of this material increases. This must be due to 
the calcium absorbed since both potassium and magnesium decrease or re- 
main quite constant in the foliage. The results presented thus far have 
shown the effects which supplements of magnesium, calcium, and a mix- 
ture of the two (dolomite) have exerted upon leaf composition. 


2. The effect of different rates of Potash Fertilization with constant 
treatments of calcium and magnesium. 

In all of the above treatments potassium application was a constant 
at 8 per cent in the mixed fertilizer. The results given in Table 4 show 
the effect of varying the amount of potassium applied while holding the 
calcium and magnesium at a constant treatment in all plots. Although 
the Valencia and Hamlin trees in these plots were only six years old in 
1943, they were bearing some crop. Foliage samples of each variety were 
analyzed separately, but for the purpose of this paper the results have been 
averaged. Thus the data given in Table 4 are averages of four analyses 
since the treatments are made in duplicate (Block XVII). 

The absorption of potassium as measured by foliage analyses increased 
as the amount of available potassium in the soil was enhanced by fertiliza- 
tion. The trees of both varieties showed no visual response in either foli- 
age or fruit to the increases in potassium absorption. Since these are 
young trees and have had a comparatively low crop requirement for these 
elements, it is possible that the available potassium in the checks was still 
above the threshold of a deficiency. In spite of the fact that the absorp- 
tion of calcium was comparatively low in all plots, and the absorption 
of magnesium quite high, the effect of the increases in absorption of potas- 
sium was to materially reduce the uptake of both calcium and magnesium 
to such an extent that the total decrease of calcium plus magnesium was 
greater than the increase in potassium which explains why the milliequiva- 
lent sum of these elements decreased with increases in absorption of potas- 
sium (Figs. 7 and 8). In this regard these results are similar to those ob- 
tained with magnesium (Table 1) (Figs. 1 and 2). The difference in the 
results shown in Figure 7 as compared to those in Figure 8 illustrate the 
significance of ionic balance in nutrient absorption. Thus, results for cal- 
cium are relatively high in 1943 as compared with those found in 1945; 
whereas, potassium and magnesium are respectively lower in 1943. There- 
fore, when the respective composition curves of each element are plotted, 
the slopes of the lines are almost parallel showing that the only difference 
in the results for the two years is in the intensity of composition at the 
moment of sampling. 

3. The effect of different rates of Potash fertilization at two different 
levels of treatment with calcium and magnesium. 

The results in Table 5 show the relation of potassium absorption at dif- 
ferent rates of application as influenced by calcium and magnesium at two 
different levels obtained by applying dolomite and soluble magnesium 
across a section of the plots at right angles to the potash treatments. The 
Duncan grapefruit trees in these plots (Block V) are among the oldest on 
the Station property and have been used for many years for potassium 
studies. In the fall of 1939 the fertilizer treatment applied on plot No. 6 
was changed from a variable 3% in Spring, 5% in Summer and 10% 
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TABLE 5.—Tue Errecr or Murtate or Potasn APPLICATIONS IN MIXED FERTILIZERS 

WITH AND WITHOUT SUPPLEMENT APPLICATIONS OF CALCIUM AND MAGNESIUM UPON THE 

Amounts or THEsE ELements Founp In Duncan Graperruir Fourace with GRAPH 
(Fic. 9) SHowine THE INFLUENCE oF THESE ELEMENTS. 


Milliequivalents per 100 grams dry leaves. 


Units of KO in Fertilizer 

De Se ee ee 

| 

| | 
(Ga PD || ites 156.4 158.3 
Low Ca and Mg (A) K 20:9 aa a, | 81.5 87.0 
Soil pH 4.7-5.0 Me | 129.4 142.7). 9 10.9 
Total | 273.5 | -260,.2 | 2468 | 256.2 
Added Ca and Mg (B) Ca 245.9 | 217.2 216.1 184.0 
Soil pH 5.5-6.0 K 30.8 | 45.7 60.5 17.8 
(Dolomite & soluble Mg) | Mg 29.0 34.9 | 26.2 27.0 
Total | SUSE O nO eee 028 288.3 
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K;0 in Fall to a check (No K.0). At the same time the calcium and mag- 
nesium treatments were applied across a section of the potash plots. The 
effect of crop production upon the general appearance of these trees gives 
an excellent comparison of the old acid type of fertilization program (A) 
as compared with the new less acid type of fertilization program (B). The 
trees in the section of plots (B) receiving added calcium and magnesium 
have much more foliage and generally are in a much better physical condi- 
tion as a basis for crop production. 
These data are in agreement with those presented in Table 4 in showing 
the effects of potassium upon the absorption of calcium and magnesium ; 
that is, as the absorption of potassium increased, the absorption of calcium 
and magnesium decreased, especially calcium. Even in the low calcium 
and magnesium section (A) the trees in the no potash plot produced leaves 
which contained 230.7 M. E. of calcium which is equal to approximately 
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4.6 per cent of calcium in the dry leaves. Under no other conditions have 
so large amounts of calcium been found in foliage on trees located on 
sandy soils of pH 5.0 and having only super-phosphate as a source of cal- 
cium. None of the dolomite treatments (Table 2) and only the highest 
calcium carbonate treatments (Table 3, 1940) were able to produce 
foliage in the presence of 8 per cent K,O fertilizer containing as much 
calcium. Of course, the highest level of calcium (245.9 M. E.) found was 
in the corresponding no potash plot where calcium and magnesium had 
been applied (B). The difference in these two values (245.9 - 230.7) is 
only about 15 milliequivalents of calcium. However, the differences in 
calcium absorption became slightly greater as the amounts of available 
potassium increased (Fig. 9). The addition of calcium and magnesium 
supplements (B), without exception, has increased the absorption of these 
two elements and has repressed the absorption of potassium at each of the 
levels at which it is applied. Therefore, these results agree with those al- 
ready presented in showing the significance of the cation balance of these 
three elements. In fact, these results show that nutrient balance is as im- 
portant in nutrient absorption as is the concentration of the element. Cer- 
tainly there can be no fixed level in the quantity of any one of these cations 
in the soil which may be considered as an “adequate supply” for the tree 
without due consideration of the balance in the supply of the other two 
elements. 

The potassium content of the Duncan foliage was approximately 30 M. 
E. where no potassium had been applied since summer of 1939. This 
amount is slightly lower than the amounts found in the foliage on young 
Hamlin and Valencia orange trees similarly treated (Table 4) and is con- 
sidered to be a deficiency level of potassium as indicated by the comparative 
appearance of the Duncan trees and the dropping of fruit in the no potash 
treatments. The young orange trees are not yet showing any deficiency 
symptoms. In making comparisons of the potassium content in the foliage 
of similarly treated plots in these two experiments several important 
factors must be considered; namely, repressive effects of different levels 
of calcium and magnesium, differences in the amounts of fertilizer applied 
per tree, effect of cropping and to some extent the differences due to 
varietal response of oranges and grapefruit. The data show that calcium 
is higher in the grapefruit foliage; whereas magnesium is higher in the 
orange foliage. It has already been shown that application of these 
elements produced a repressive effect upon potassium absorption with cal- 
cium exerting a somewhat greater influence. In addition to these factors 
the actual amount of K2O applied to each Duncan tree during any single 
year was 75 to 80 per cent greater than the amounts applied to trees in 
analogous plots in the experiment with oranges. In spite of these dif- 
ferences, the data from these two experiments (Tables 4 and 5) are in good 
agreement and illustrate the significance of ion balance in the nutrient 
supply to ion absorption by the trees. 


FRUIT COMPOSITION 


The effect of crop production in inducing the symptoms of magnesium 
deficiency to appear under conditions of inadequate soil supply has made 
the citrus grower more conscious of the effects of crop removal of nutrient 
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elements. With the exception of potassium, amounts of the minerals re- 
moved in the fruit are comparatively small as compared with the amounts 
found in the vegetative parts of the tree especially the amounts found in 
leaves. Where the supply of an element is inadequate for both vegetative 
growth and fruit production, the fruit seems to be able to meet its require- 
ments by inducing even acute deficiency of this element in the vegetative 
tissues. 

The data given in Table 6 show the amounts of calcium, potassium and 
magnesium contained in Duncan whole grapefruit (Block V). Of these 
three elements, potassium is removed in greatest amount. These data show 
that the potash content of the fruit increased as the amount applied in the 
fertilizer increased and the amounts found in the fruit are almost as large 
as those of the foliage from corresponding plots (Table 5). With nomi- 
nal potash fertilization the amount of KO in the fruit is greater than the 
combined amounts of calcium and magnesium found (Fig. 10). Even un- 


TABLE 6.—Monriate oF PorasH AppLicaTions iN Mrxep FERTILIZER WITH AND WITH- 
oUT SUPPLEMENT APPLICATIONS OF CALCIUM AND MacNnestum SHOWING THE EFFECTS 
oF THESE ELEMENTS (Fic. 10) upon Fruir Composition. 


Milliequivalents per 100 grams of dry whole fruit. 


Units of KO in Fertilizer 

0 2 5 10 
| | 

Low Ca and Mg (A) | Ca 20 1h i 33.6 28.3 25.7 
Soil pH 4.7-5.0 K Ae 40.1 48.8 Del 
Meg 65 ee, 117 8.1 8.2 
Total 7g te al 85.4 | 85.2 89.6 
(GE 38.8 33.9 31.8 Zoe 
Added Ca and Mg (B) K 34.4. 43.7 53.6 bYen 
Soil pH 5.5-6.0 Mg 9.3 10.4. 10.4 10.1 
(Dolomite & soluble Mg) | Total | 82.5 | 88.0 95.8 93.3 
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der conditions where no potash has been applied since the summer of 1939, 
the fruit (1944-45 crop) contains considerable potassium. The independ- 
ent nature of fruit composition is shown by the data for potassium in that 
the milliequivalent composition of this element is as high or higher with 
added calcium and magnesium than without these elements which are 
known to have a repressive effect upon the accumulation of potassium in 
the foliage (Fig. 10). 

Although the data for calcium content show a slight inverse relation- 
ship to potassium content, the magnitude is much lower than that which 
occurred in the leaves (Table 5). Thus the fruit did not reflect the large 
absorption of calcium obtained in the leaves where no potash was applied 
(Fig. 9). The same is true of the magnesium content of the fruit. Asa 
consequence of the high accumulation of potassium in the fruit as com- 
pared with calcium and magnesium, the milliequivalent sum of these ele- 
ments increased as the rate of potash accumulation in the fruit increased. 
In this regard the accumulation of potassium in the fruit is similar to that 
of calcium in the foliage. Apparently the solubility and mobility of com- 
pounds of these elements within the plant are important factors to con- 
sider in studies on fertilizer requirements. It is quite apparent that fruit 
analyses do not reflect the status of the nutrient supply and requirements 
of citrus to the extent indicated by foliage analyses. Therefore, the value 
of fruit analyses as a tool in determining the fertilizer requirements of 
citrus is questionable. Of these three elements potassium is the only one 
that will be considered further. 

Obviously, the amounts of mineral elements removed in fruit from a 
tree depends upon the size of the crop more than upon the unit composi- 
tion. In Table 7 the average yield of fresh grapefruit per tree for a four- 
year period (1940-44) was compiled for each potash treatment. And on 
the basis of the analyses shown in Table 6 the total amount of KO re- 
moved in the fruit was calculated. Likewise the total amounts of K2O ap- 
plied in the fertilizer during the same period was computed. The amount 
applied less the amount removed in fruit gives a measure of the excess 
potash applied at the different rates of application. 


TABLE 7.—Averace Four Year Resutts, 1940-44, SHowinc Crop YIELD PER TREE 
AND PotasH (K2O) RemovaLt As AFFECTED BY AMOUNTS OF PoTAsSH APPLIED TO SOIL 
tN Mrxep FERTILIZER WITH AND WITHOUT SUPPLEMENTS OF CALCIUM AND MAGNESIUM. 


Units of KO in Fertilizer 
0 3 5 10 


Pounds | Pounds | Pounds | Pounds 
Yield of Fresh Fruit | 1561 2679 1746 1483 


Low Ca & Mg (A) Dry Matter 205.3 352.3 229.6 195.1 
Soil pH 4.6-4.8 Total K:O applied 0.0 7.08 11.80 23.60 
Total K2O in fruit 3.41 6.64. 5.28 By 
Difference —3.41 0.44, 6.52 18.49 
Yield of Fresh Fruit | 2680 1951 3187 2287 
Added Ca & Mg (B) | Dry Matter 376.2 256.6 419.1 300.7 
Soil pH _ 5.5-6.0 Total K:O applied 0.0 7.08 11.80 23.60 
(Dolomite & soluble | Total K.O in fruit 6.09 5.28 10.58 8.15 
Mg.) | Difference —6.09 1.80 a2? 15.45 
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Since the size of crop is the important factor which determines the 
amounts of these elements removed from a tree, it is quite apparent that 
section (B) of the plots receiving calcium and magnesium supplements 
have had more K20 removed in fruit, with one exception, than was removed 
where calcium and magnesium were low and symptoms of severe mag- 
nesium deficiency were apparent in the foliage. Although calcium and 
magnesium have been shown to have a repressive effect upon potassium 
absorption as indicated by foliage analyses (Table 5), these results show 
that more potassium has been removed with one exception, in fruit where 
calcium and magnesium were used. This is especially true where no 
potash was applied and the amounts of K,0 removed in the fruit were in 
excess. It appears that tree efficiency for fruit production can only be 
vaguely related to fruit composition as relating to calcium, potassium and 
magnesium. Nor is the computation of the total crop removal of much 
value. The efficiency of a tree apparently lies in the amount and quality 
of its foliage. Therefore, foliage analyses reflect to a much greater degree 
the nutritional status of the tree. 

The fruit is still accumulating considerable potassium even where no 
potash fertilizer has been applied since the summer of 1939. It was 
thought that perhaps this potash may be coming from an accumulated 
reserve in the trees which had received a total of 18 units of K5O in the fer- 
tilizer annually prior to this plot being made a check treatment in 1939. 

Samples of the trunk wood were collected in November 1945 and 
analyzed for potassium for the purpose of detecting any depletion of a 
reserve nature. The amounts found were very small for all treatments and 
did not indicate that the fruit accumulation of potassium in the check 
treatments could be explained as a depletion of the reserve of potassium 
within the tree. These results indicate that each crop is annually obtaining 
from the soil the potash which is removed in the fruit. 


DISCUSSION 


The commercial use of calcium and magnesium supplements in the 
form of dolomite had its beginning in the early thirties. This was soon 
followed by the use of soluble salts of magnesium and later by the use of 
basic oxides and hydroxides of magnesium. These materials are now 
integral parts of the recommended fertilizer program for citrus which has 
passed the stage of “deficiency correction” and is now designed as a main- 
tenance program. j 

Throughout this period the general appearance of citrus groves located 
on the sandy soils have improved immensely in physical condition as in- 
dicated by the presence of abundant, normal green foliage. As a conse- 
quence of this improved condition, the yield has been greatly increased. 
The plots from which the results herein reported were obtained have served 
as a demonstration to many citrus growers throughout the State of the 
performance of the fertilizer program now recommended. 

The improved physical condition and the better yield performance of 
the trees are largely the result of changes in the internal composition of 
the tree which in this paper is measured in terms of foliage and fruit 
analyses. For the three elements under discussion (Ca, Mg, K) these 
changes in composition may be grouped into two categories; namely, those 
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resulting in a change of the “quality of composition” such as changes in 
ionic balance or ratio, and those resulting in a change of the “intensity 

of composition such as changes in the magnitude or quantity of the ele- 
ments in the ash. In the latter category belong treatments which produce 
significant changes in the sum total of these elements (Ca-+-Mg--K). Cal- 
cium is the only one of these elements which accumulates in the foliage by 
addition to as well as by replacements of other mineral constituents. 

None of the experimental results indicate that it is possible to induce 
increases or decreases in the intensity of composition of all three elements 
changing in a somewhat parallel direction. Thus these results are in agree- 
ment with the well known observation of the repressive effect of one 
element upon the absorption of another. All of the graphs (Figs. 1 to 9) 
illustrate the influence of ionic balance in the nutrient solution upon ion 
absorption by the plant. The absorption of magnesium and potassium 
are somewhat similar in that these elements enter largely by replacement 
of other elements and do not increase the total ash per unit weight of dry 
matter (Figs. 1, 2, 7, 8). Thus the milliequivalent increases of either 
magnesium or potassium is approximately equal to the milliequivalent de- 
creases in the other two elements, Although calcium repressed the ab- 
sorption of both magnesium and potassium, it continued to be absorbed 
beyond the milliequivalent replacement of these two elements and thereby 
resulted in increases in the total ash content of these elements (Sum Ca + 
Mg + K) in the dry matter (Figs. 5 and 6). 

Since dolomite is composed of a mixture of calcium and magnesium 
carbonates, it is a good source of both calcium and magnesium. At the 
same time it serves to correct and maintain the soil reaction in the recom- 
mended range of pH 5.5 to 6.0. However, the data (Table 2, Figs. 3 and 
4.) indicate that absorption of magnesium from dolomite does not increase 
proportionately with increased rates of application. In fact above appli- 
cations of 800 pounds per acre, the magnesium content of the foliage was 
not significantly increased. Since the soil reaction in the check plots was 
approximately pH 4.8, it is conceivable that the rates of application below 
800 pounds per acre reacted with the acid soil and produced active (solu- 
ble plus exchangeable) magnesium. Likewise had this experiment been 
started on grove soils already in the desired pH range, magnesium absorp- 
tion from dolomite may have been negligible even at the lower rates of ap- 
plication. Thus it is recommended that sources of water soluble mag- 
nesium be included in the fertilizer mixtures even where dolomite has been 
applied in a maintenance program. Due to applications of dolomite over 
the past ten years many citrus grove soils now have a pH value of approxi- 
mately 6.0. Therefore one should not expect to obtain much absorption 
of magnesium from this source under such conditions. However, the sandy 
soils over a period of a few years will drift downward in pH as a result 
of leaching of bases and the application of acid fertilizer materials. Thus 
dolomite is extensively used to control the downward drift of the soil re- 
action and to supply slowly active magnesium. 

Although it is generally recognized that some of our best citrus is 
grown on soil containing a high level of available calcium, these results 
indicate that a nutrient ion balance which will permit efficient nutrient 
absorption of all three of these cations is desirable. On high calcium soils 
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the problem is largely the maintenance of proper levels of magnesium, 
potassium and trace metallic elements for efficient fruit production. In 
certain areas where the soil is extremely high in calcium the problem of 
maintaining a good nutrient balance is acute and the tree condition is us- 
ually poor. For the same reason the additions of large amounts of cal- 
cium lime to the poorly buffered sandy soils of low exchange capacity is not 
recommended because of the repressive effects upon the absorption of 
magnesium and potassium and the reduction in the availability of the trace 
elements. However, these results indicate that it should be possible, in 
spite of leaching, to devise a fertilizer program for the light sandy soil 
types which would permit maximum calcium absorption without inducing 
the ill effect of “overliming”. Since potassium greatly affects the absorp- 
tion of calcium (Figs. 7 to 9), these data point to the lowest efficient level 
of potash fertilization as a means of inducing higher calcium absorption 
without excessive applications of calcium lime. There is need for more 
experimental evidence on this point. 

All of the results on these and other plots not reported in this paper 
show that the absorption of potassium has been repressed where calcium 
and magnesium have been added to the soil. The absorption of potassium 
by trees on plots receiving 10 per cent K,O in the fertilizer in the presence 
of added calcium and magnesium (Fig. 9) is approximately the same as 
those in plots receiving 5 per cent K,O with low levels of calcium and mag- 
nesium. Thus the new fertilizer program has unwittingly brought about 
a lower efficiency in the absorption of potash due to the presence of added 
calcium and magnesium. 

With the exception of potassium the mineral content of fruit is quite 
low as compared with foliage composition. As a consequence, fruit analy- 
ses do not show the nutrient requirements of citrus so well as do foliage 
analyses. However, computations of the amounts of elements removed 
in the average crop per tree does reflect the degree of efficiency of the 
treatment in converting these elements into fruit. Of course this depends 
upon the amount of fruit produced per tree in any one year or over a 
period of years. Results based upon one crop year are very unreliable be- 
cause of the many factors other than the nutrient supply which influence 
crop production. Since the fertilizer program for citrus is based upon 
three annual treatments of which one and sometimes two of these are made 
at times when no fruit is present on the trees, crop production and fruit 
nutrient removal can be only vaguely used as a basis for a fertilizer pro- 
gram. In the summer when the size of the potential crop becomes appar- 
ent and in the fall following a heavy crop, are periods when consideration 
is given to the amount of fertilizer to apply per tree. Of course in the 
spring when a profuseness of new growth appears and setting of crop 
occurs, a liberal application of fertilizer, especially nitrogen, potassium 
and magnesium is always indicated. 


SUMMARY 


1. The nutrient balance in light sandy soils of low exchange capacity 
can be greatly altered by the application of nominal quantities of fertilizer 
materials to grove soils. 
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2. Changes in the nutrient balance between calcium, magnesium and 
potassium induce sharp changes in absorption of these elements by citrus 
trees. 

3. Soil applications of any one of these three elements produce a re- 
pressive effect upon the absorption of the other two. 

4. Calcium absorption increases above the equivalent replacement of 
the other two elements thereby significantly increasing the per cent ash 
in the dry matter. 

5. Foliage composition is a more sensitive measure of mineral nutrient 
absorption than is fruit composition. 
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APPLICATION OF RAPID METHODS OF 
LABORATORY ANALYSIS TO 
EVERGLADES SOILS 


Dr. W. T. Forsee, Jr. * 


In 1938 work was initiated at the Everglades Experiment Station on 
the use of rapid laboratory methods in the analyses of the peat and muck 
soils of the Everglades. Certain methods and their adaptability to this 
type of soil have been discussed in previous publications.! 2 3 

Nitrogen, phosphorus and potassium are the elements to which rapid 
laboratory methods have been adapted on Everglades soils up to the pres- 
ent time. The method now in use consists briefly of extraction of ninety- 
eight samples at a time with 0.5N acetic acid. Nitrogen estimates are 
made on a spot plate with diphenylamine. Phosphorus is determined 
colorimetrically by a modified molybdate blue procedure. The sample of 
soil extract used for potassium determinations is first freed of organic mat- 
ter and ammonia. The potassium is precipitated in centrifuge tubes with 
cobaltinitrite, the precipitate washed with alcohol and the cobalt deter- 
mined colorimetrically with nitroso-R salt. This procedure for potassium 
is somewhat long to be called a “rapid” laboratory method. However, a 
large number can be run at one time thus making the actual amount of 
time spent on each sample rather small. The cobaltinitrite precipitation, 
washing and color development are all carried out in the same centrifuge 
tube with no time consumed in transferring aliquots. 

The ultimate usefulness of any soil test is determined by the wav in 
which its results correlate with actual plant responses and yields. Hence, 
the results of soil tests are useful more from the standpoint of their rela- 
tive values than from their absolute values. For example, if soil tests con- 
ducted on samples from a celery fertility experiment show that increased 
yields will be obtained up to a potassium level of 300 pounds per acre 
we have the information that we are seeking. Perhaps a quantitative test 
for exchangeable potassium might indicate 400 pounds per acre as the 
absolute value for the available potassium in this soil on which maximum 
yield should be expected. But why spend the time to obtain the absolute 
value when the relative value as given by the rapid laboratory method 
can be used just as well in making fertilizer recommendations? In order 
to utilize soil testing as a practical tool we must have methods by which 
we can handle large numbers of samples over a reasonable period of 
time, the results must be reproducible and the relative values found must 
correlate with plant growth and yields. The correlation of these tests with 
plant growth and yields is the time consuming phase of the work but the 
tests can not be safely applied to any crop until such data are obtained. 
When these data are obtained for any one crop on a certain soil type the 
“pay-off” comes in practical applications where one knows what he is do- 
ing and not feeling his way in the dark. Under Everglades conditions the 
problem is simplified somewhat by the fact that all the soils are highly 


* Chemist, Everglades Experiment Station, Belle Glade, Florida. 
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Figure 1—Potassium levels in soil samples taken at intervals from celery plots 
receiving potash at two rates of application. 


organic and of more or less the same general type. However, pH varia- 
tions introduce problems which will be considered later in this discussion. 

One interesting application of these rapid laboratory methods is the 
following of the fertility level in the soil under a growing crop. Such 
an application is presented graphically in Figure 1. The upper curve 
represents the soil potassium levels as determined by a rapid laboratory 
method on samples collected from plots receiving a 24 percent K,O ferti- 
lizer applied at 2000 pounds per acre. The lower curve represents the 
potassium levels in plots receiving 6 percent K,O fertilizer applied at 
the same rate. These samples were taken during the last year of a three 
year fertility experiment on celery. The first sampling, 12/7/38, was 
made at the time of planting which was about two weeks after the fertilizer 
was applied. Samples were then taken at approximately one month 
intervals until harvest on 3/2/39. As the crop advanced in age the soil 
potassium level decreased more slowly at first and then at an increased 
rate until harvest. The 24 percent KO treatment showed a tremendous 
drop thus illustrating the capacity of celery to take up tremendous quan- 
tities of potassium when available. At the time of harvest the celery was 
hand stripped in the field according to commercial practice. These strip- 
pings were disced into the soil and the replacement of the potassium by 
their decomposition is shown by samplings on 4/25/39 and 6/5/39. Note 
the large amount of potassium replaced by the strippings from the celery 
that had taken up such tremendous amounts during growth. About six 
months later, after the summer rainy season, samplings were made again 
and the graph shows the small losses due to leaching. 
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Figure 2—Correlations of yields of Dallis grass with potassium in soil. 


The correlation of yields of Dallis grass with potassium in the soil as 
determined by rapid laboratory methods is shown in Figure 2. These data 
were obtained from a series of grass fertility plots. The yield data were 
furnished by Dr. J. R. Neller. The grass had been mowed and removed 
from the plots on 4/18/40. The soil samples were taken five days later 
and analyzed for potassium by a rapid laboratory method. The grass 
yields were obtained approximately one month later on 5/25/40. Each 
point in the Figure represents an average of four replicated plots. The 
curve has been drawn in by observation. ‘There is a definite increase in 
yield due to increases in potassium in the soil as determined by the tests. 
These tests indicate that the potassium level on pastures in the Everglades 
should be maintained at a level of at least sixty-five or seventy pounds per 


acre. 


TABLE 1.—Som aAnp TissuE Tests ON SAMPLES FROM A CorN FIELD 
oF A LocaL FARMER. 


Sample Description Soil Tests Tissue Tests 


pie (lbs. per A.) | -s-P. (ppm) 
| 
Very poor corn i 
Strong evidence of PO; deficiency 7.6 16 49 
Good corn ; 
Slight evidence of P.O; deficiency 6.8 10 93 
Fair corn 5A a 


Some evidence of PO; deficiency | lee, 


In May of 1942 we were requested by a local grower to observe a 
field of corn. Part of the field showed very poor g erowth. By observing 
the plant symptoms, the Agronomist pronounced the trouble as probably 
due to phosphorus defieieney. Soil samples were taken. The results of 
these tests are recorded in Table 1. The soil sample from under the corn 
which showed the least evidence of phosphorus deficiency was the lowest 
of all in phosphorus according to the soil test. The plant growth seemed 
to decrease as the pH increased but there was no correlation between growth 
and the phosphorus tests. This field had been sprayed twice with manga- 
nese and zinc and the plants showed no characteristic symptoms of manga- 
nese or zinc deficiencies which frequently occur on Everglades soils at 
such high pH values. It was then decided to try stem tissue tests. Whole 
plant pimple were collected and brought immediately to the laboratory. 
Cross sections of the lower portion of the stalks were weighed and ex- 
tracted in a Waring Blendor with 0.5N acetic acid. The filtrate from this 
was used for testing according to the same procedures employed in soil 
testing. The Shosnhoras tests on these plant samples are recorded in Table 
i flere we have good agreement between the tissue tests and the observed 
growth and deficiency symptoms. 

There is no correlation however, between these tissue tests and the soil 
tests. Assuming that the plant is the better index of nutrient availability, 
we are led to the conclusion that the soil test for phosphorus is not depend- 
able at pH values above normal. On Everglades soils this normal value 
is about pH 5.4 to 5.8. This particular experience with corn immediately 
initiated tissue testing as a companion to soil testing. It has been of tre- 
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Figure 3.—Relation of phosphorus in stem tissue of celery to that removed from the 
soil by three different extractions. 
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mendous aid since that time in the interpretation and evaluation of soil 
test data. 

As already emphasized the relative value of any soil test for phosphor- 
us or any other element depends upon the correlation of the results of the 
test with actual plant response and the uptake of phosphorus as determined 
by Ussue tests on the plants. Obviously the adaptability of the test to soils 
of various pH values is dependent upon the choice of the extracting solu- 
tion. Taking advantage of some fertility experiments on celery where a 
marked yield response to phosphorus was obtained, some preliminary 
studies have been made on the relative merits of water, carbonic acid and 
0.5N acetic acid used as soil extractants. These results are reported 
graphically in Figure 3. The points OP, 4P, 8P and 4P-++S represent plots 
that received no phosphate, 2000 pounds of a 4 percent phosphate ferti- 
lizer, 2000 pounds of an 8 percent phosphate fertilizer and 2000 pounds of 
a 4 percent phosphate fertilizer plus 500 pounds of sulfur. The celery 
grown on these plots responded to the phosphate applications. The soil 
samples from the plots receiving no sulfur showed an average pH of 5.95 
while those from the plots treated with sulfur averaged 5.60. The results 
of the soil tests are located by points on the chart in terms of pounds phos- 
phorus per acre. The results of the tissue tests are plotted as percent phos- 
phorus calculated to the dry weight basis. These points are connected by 
lines in order that a comparison may be made between soil tests and tissue 
tests by noting how well the lines parallel each other. For the three levels 
of phosphorus where the soil pH was not changed by sulfur treatment, 
the curves for the soil extractions made with carbonic acid and water 
parallel almost perfectly the tissue test curve. The acetic acid curve 
diverges slightly from the tissue test curve. The tissue tests indicate that 
the uptake of phosphorus by the celery plant at the 4P level and 5.60 pH 
is approximately the same as that at the 8P level and 5,95 pH. The rela- 
tively available phosphorus levels in the soil, as determined by carbonic 
acid and water extractions, very closely approximate the results of the 
tissue tests. However, the levels as determined by the 0.5N acetic acid 
do not. The relative values for available phosphorus as determined by 
acetic acid extractions do not appear to be reliable when used on soils 
where the pH values are not approximately uniform. 

The great usefulness of tissue tests in evaluating soil tests has thus 
been quite definitely indicated. In view of this fact it has seemed advisable 
to make both tissue tests and soil tests on all plots being used for fertility 
studies. This practice has been followed during the past two years and 
has offered an opportunity for correlating soil tests and tissue tests with 
plant growth and yields. This offers two very practical applications of the 
data compiled for each crop studied. First, it furnishes a basis for making 
fertilizer recommendations for crops on the basis of soil tests made before 
fertilizing and planting the crop. Second, the tissue tests make it possible 
to offer suggestions as to corrective treatments to employ after the crop 
is planted. This is particularly true of crops fertilized in the row where 
there is no adequate method of soil sampling that will give representative 
material to work with. 

Tissue tests in conjunction with soil tests not only provide a means of 
evaluating the soil tests but they have proved of inestimable value as an 
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aid to the interpretation of soil test and yield data from fertilizer plots. 
This is illustrated by an examination of the results of a potato fertility 
experiment conducted on raw sawgrass peat. Phosphate and potash were 
applied at four levels each making a total of sixteen treatments in five 
randomized blocks. Composite soil samples were taken from each block 
before the fertilizer was applied. Stem tissue tests for phosphorus and 
potassium were made on plant samples collected from each of the eighty 
plots. Analyses of variance showed highly significant differences between 
treatments for yields, tissue tests for phosphorus and tissue tests for potas- 
sium. Interactions between phosphate and potash were not significant. 
The potash data in terms of averages according to potash fertilizer treat- 
ment are shown graphically in Figure4. Each point represents an average 
of twenty individual measurements. The yields are expressed in pounds 
per plot and the conducting tissue tests in percent potassium calculated 
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Figure 4.—Comparison of yields of potatoes with stem tissue tests of plant samples 
from plots receiving increasing increments of potash in the fertilizer. 


on the oven dry basis. A statistical analysis of the yield data from the 
plots grouped according to potash treatment (upper curve) showed a 
highly significant response to a 12 percent over a 6 percent potash ferti- 
lizer. But the increase of the 24 percent over the 12 percent potash treat- 
ment indicated by the curve was not enough for significance. However 
the tissue tests (lower curve) showed a highly significant increase of the 
24 percent over the 12 percent potash treatment. The calculation of a 
correlation coefficient of yields versus tissue tests showed a positive value 
of high significance. Because of this high degree of correlation the stem 
tests seem to lend credence to the upward trend in yield due to a 24 per- 
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cent over a 12 percent potash fertilizer and thus allows a more liberal in- 
terpretation of the yield increase. 

Rapid laboratory methods of soil analysis certainly have many useful 
possibilities in soils investigations. This is especially true in fertilizer 
studies for various crops on a particular soil type. When these tests are 
interpreted in the light of actual crop yields and are accompanied by tissue 


tests they present many interesting and valuable possibilities of practical 
application. 
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SYMPOSIUM II: RELATION OF SOIL TYPE AND 
TREATMENT TO THE PRODUCTION OF FARM 
CROPS IN NORTH AND WEST FLORIDA 


Newell Hall, Friday, February 15, 1946 
2:00 P. M. 


THE RELATION OF SOIL TYPE AND FERTILIZER 
TREATMENT TO THE PRODUCTION OF COTTON 
IN NORTH AND WEST FLORIDA 


Mr. R. L. Smith * 


Since the coming of the Boll Weevil, the production of cotton in Florida 
has declined steadily and during the war years, the decline was rapid. The 
acreage for 1944 was fifty-six thousand acres and for 1945 twenty-five 
thousand acres—a decline of twenty-one thousand acres or forty-five per- 
cent in one year. This decline has been due to adverse conditions and to 
the development of other cash crops. The rapid decline from “44 to *45 
was due to labor conditions and more abundant returns from peanuts, 
livestock and other crops. 

Reasons for the production of cotton in north and west Florida are: 
need of a cash crop, it’s a habit with some farmers, and, last but not least, 
soil types which are adapted to the production of cotton. Cotton grows 
well on the soils of this area and were it not for adverse weather conditions 
during the fruiting and harvesting stages, cotton would probably be the 
chief crop for north and west Florida. 

The greater portion of the cotton acreage is planted on Red Bay, 
Ruston, Norfolk, Orangeburg and Arredondo types of soil with lesser 
acreage planted on the heavier types of soil such as—Magnolia, Marlboro, 
Tifton, Faceville and Greenville. Lighter soils generally produce an 
average yield, while the heavier, more fertile types produce an excellent 
yield in good years and very poor yields during bad years. 

A cotton fertilizer formulae experiment was conducted on 22 farms 
during the years 1942 to 1944 inclusive. Various percentages of nitro- 
gen, phosphoric acid and potash in a basic mixture were applied to cotton 
at the rates indicated in Table 1. Other treatments involving the use of 
split applications of nitrogen, addition of extra nitrogen as sidedressing, 
dolomitic limestone, and minor elements were included. The data indicate 
that cotton receiving a 2-8-4 fertilizer mixture produced 67 more pounds 
of seed cotton than that fertilized with an 0-8-4 mixture. In a like manner, 
applications of 4-8-4 and 6-8-4 mixtures, caused respective increases of 
156 and 198 pounds per acre. 


* Associate Agronomist, North Florida Experiment Station, Quincy. 
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When one-half of the nitrogen was applied with phosphorus and potash 
before planting and the remaining half applied as sidedressing, the aver- 
age yield of cotton over a two-year period on 16 farms was increased 67 
pounds per acre. In a one-year average on 7 farms, the addition of 100 
pounds of nitrate of soda, as sidedressing to cotton receiving 4-8-4 before 
planting resulted in an increase of 75 pounds of seed cotton per acre. 


In the part of the experiment regarding the use of phosphoric acid, the 
following formulae were used: 4-0-4, 4-4-4, 4-8-4, and 4-12-4. The increase 
in yield over the 4-0-4 (no phosphorus) was respectively, 102, 168, and 
174 pounds of seed cotton per acre. The increase in yield over that of the 
preceding rate was respectively, 102, 66 and 6 pounds per acre. This 
would indicate that 8-10 percent of phosphoric acid would be sufficient for 
cotton in this area. The response to phosphorus was greater in the area 
of Mobile Unit No. 2 than in that of Mobile Unit No. 1. 

Cotton receiving applications of 4-8-0, 4-8-4, 4-8-8, and 4-8-12 ferti- 
lizer, averaged respectively, 654, 774, 826 and 884 pounds of seed cotton 
per acre. Increases for successive increments over preceding rates of 
potash are: 120, 52, and 58 pounds per acre. The response of cotton to 
potash in the area of Mobile Unit No. 1 was considerably higher than that 
in Mobile Unit No. 2. 


Dolomitic limestone mixed with the fertilizer and applied before plant- 
ing, had very little effect on the yield of cotton. 


A mixture of zinc sulphate, copper sulphate, magnesium sulphate, man- 
ganese sulphate, and borax applied with the fertilizer before planting 
resulted in a slight increase in the yield of seed cotton, but was not con- 
sidered significant. 


The data shown in Table 1 was rearranged according to soil type in 
Table 2. The response to nitrogen on the various types of soil was: Ruston 
and Magnolia excellent, Red Bay and Norfolk, good, Arredondo, fair, and 
Orangeburg, low. The addition of phosphoric acid caused a good increase 
in the yield of cotton on all of the soil types, with the greatest increment 
on the Ruston and Magnolia types. 


In regard to potash, the data indicate that 60 pounds of K.O was not 
sufficient to meet the needs of cotton on Ruston, Orangeburg and Norfolk 
types of soil. A good response was also obtained on Arredondo and 
Magnolia types, but a very poor increase resulted on the Red Bay types. 
Cotton on Ruston type soil gave an excellent response to all of the three 
major plant food elements. 


Having accumulated considerable data from the cotton fertilizer experi- 
ment, it was decided that the experiment would only be conducted on land 
where peanuts had been dug the previous year. Experiments were con- 
ducted on six farms in 1945 by Mobile Units 2 and 3. These areas pro- 
duce large quantities of peanuts year in and year out. In the area of 
Mobile Unit 2, the response to nitrogen and potash was good, and to 
phosphoric acid it was excellent. In the area of Mobile Unit No. 3, a 


high response to potash and a iow response to nitrogen and phosphoric 
acid was obtained. 
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TABLE 4.—Errect or Various FERTILIZER TREATMENTS ON YIELD OF Seep Corton, 
Fotrowine Duc PEanuts. 
(Mobile Units 2 & 3) 


No. 2 No. 3 No. 2 and No. 3 
Fertilizer | Average 
Treatment | Average | Average | Average Average Both Average 
Three Increase Three Increase Units Increase 
Farms Over Farms Over | 6 Farms Over 
| 
0-8-4. 1073 No N 605 No N 839 No N 
2-8-4. paws 144, 692 | 87 955 116 
4-8-4, 1311 238 702 97 1007 168 
6-8-4. 1163 90 728 | 123 946 107 
4-0-4. 906 No Phos 658 No Phos 782 No Phos. 
4-4-4, 1049 143 | 663 | 5 856 74 
4-8-4 1125 219 786 | 128 | 956 174, 
4-12-4 | 1259 | BS 730 | 72 995 213 
4-8-0 | 905 | NoK.O | 498 No KO 702 No K:O 
4-8-4. 1055 150 707 =| 209 881 179 
4-8-8 1141 236 840! 342 991 289 
4-8-12 | 1129 224, | 898 400 1014. oe 
4-8-4. 1096 4-8-4. | 775 | 4-8-4 936 4-8-4, 
4-8-4 + 100 lbs. | 
nitrate s. 1196 100 ! 883 108 1040 104 
4-8-4. + 100 lbs. | | 
ammon. ni. 1202 106 
| 


Seils: 


Magnolia, Norfolk, Ruston, Marlboro and Red Bay. 


TABLE 5.—Errect oF FERTILIZER TREATMENT ON Corton YIELD WITH RESPECT 


TO 


Som Type. 


Increase in Yield of Seed Cotton in Pounds per Acre 


Treatment | Orange- Arre- 
Red Bay Ruston | Magnolia burg Norfolk dondo 

6 Farms 5 Farms | 3 Farms | 2 Farms | 3 Farms | 3 Farms 
0-8-4 — == ay as im es 
2-8-4 120 34 100 54 58 30 
4-8-4 202 154 HAs 56 199 88 
6-8-4 210 264 268 71 216 162 
4-0-4 — —- — — — 
4-4-4, 57 201 118 73 72 37 
4-8-4 119 238 260 102 197 47 
4-12-4 102 270 230 153 88 125 
4-8-0 ~- — — — — — 
4-8-4, 16 173 139 160 151 150 
4-8-8 —3 249 92 370 234 250 
4-8-12 50 347 —39 395 294 231 
4-8-4 lime — — — = = aaa 
4-8-4 M E — = = = = = 
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TABLE 6.—Errect oF VARIOUS TREATMENTS ON SEED CoTTON YIELDS IN NORTHWEST 
FLorma—1942-44. INCLUSIVE. 
(Mobile Units 1 & 2) 


Pounds of Seed Cotton per Acre 
Fertilizer | 
Treatment No. 2 Noval Average Increase Percent 
Three Year | Three Year| 22 Farms Over Increase 
Average Average 
| | No K:O 
4-8-0 734 574 654. = = 
4-8-4, 822 25 774 120 18.3 
4-8-8 850 801 826 172 26.3 
4-8-12 877 891 884. 230 35.2 
| No P20; 
40-4, 689 646 668 = = 
4-4-4, 828 712 770 102 1s) 
4-8-4. 914. 758 836 168 25.1 
412-4 898 786 842 174. 26.0 
. No N 
0-8-4 (Al 637 679 _ = 
2-8-4. 802 690 746 67 9.9 
4-8-4 895 774 835 156 23.0 
6-8-4 908 846 877 198 29.2 
No 4-8-4 
2-8-4. 1044. | 966 1005 157 Tht 
4-8-4, 899 796 848 = == 
4-8-4. Soda 1312 (TEES 1233 385 8.0 
4.8-4 + D 878 821 850 2 
4-8-4 + ME 875 830 853 5 


Soils: Arredondo, Norfolk, Ruston, Red Bay and Magnolia. 
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THE RELATION OF SOIL TYPE AND FERTILIZER 
TREATMENT TO THE PRODUCTION OF PEANUTS 
IN NORTH AND WEST FLORIDA 


Mr. R. W. WALLACE * 


Two factors are involved in determining the nutritional requirement of 
peanuts. First, there is the fertilization of the peanut crop itself without 
consideration of the other crops in the rotation, and second, there is the 
necessity for maintaining the general level of fertility of the soil when 
peanuts are grown in rotation with other crops. Peanuts have long been 
considered a soil depleting crop, therefore its commercial value may be 
discounted considerably. The peanut plant is a legume and is generally 
included in the list of plants called soil building. However, the general 
practice of digging the peanuts and removing the nuts, roots and vines 
followed by turning hogs into the field to glean any remaining nuts and 
vegetable matter is contrary to all accepted practices of maintaining soil 
fertility. The effect of hogging-off peanuts is quite different from digging 
the nuts. Many practical growers have found from experience that hog- 
ging-off peanuts is a good soil building practice. 

It has been calculated that 2000 pounds of nuts and 6000 pounds of 
hay remove from the soil 85 pounds of nitrogen, 15 pounds of phosphoric 
acid and 50 pounds of potash. It has also been found that a very large 
percentage of the nutrients is removed in the hay. Collins and Morris + 
present figures which show that one ton of peanut hay removes from the 
soil 39.4 pounds of nitrogen, 27.5 pounds of calcium, 5.3 pounds of phos- 
phoric acid, 41.1 pounds of potash and 12.6 pounds of magnesium. 


FERTILIZER PLACEMENT 


The method of applying fertilizer is an important factor to be consid- 
ered in the fertilization of peanuts. The fertilizer should be applied in 
such a manner that it will not seriously affect the germination of the seed 
and development of the seedling plant. Indications are that the peanut 
kernels are more sensitive to fertilizer salts than many other field crops. 
Seed injury from fertilizer may result more frequently on light sandy soils 
than on the heavier types, and is more severe in times of least rainfall. 
With many other crops, the problem of fertilizer placement has been 
worked out through years of research, but little or no data has been pub- 


lished along this line with peanuts. 


EXPERIMENTAL WORK WITH PEANUTS 
With the above facts in mind the Mobile Units of the North Florida 


Experiment Station conducted fertilizer experiments on six soil types in 


* Data presented in this paper were obtained by R. W. Wallace, R. L. Smith and 
R. W. Lipscomb of Mobile Units 1, 2 and 3 of the North Florida Experiment Station. 


1 Collins, E. H. and Morris, H. D. on Soil Fertility Studies With Peanuts. N. C. 
Agricultural Experiment Station. Bul. 330. 1942. 
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Northwest Florida. Soil types on which the tests were conducted include 
Norfolk, Ruston, Arredondo, Red Bay, Orangeburg, and Dunbar fine 
sandy loams. 


RESPONSE TO POTASH 


Of all the fertilizer problems with peanuts, none has been so difficult 
to understand as that involving potash. The peanut plant apparently can 
take up potash that is not available to other plants. It is well known that 
a harvested crop of peanuts removes large amounts of potash from the 
soil. Light applications of potash in many cases increased the yield of 
nuts as much as heavy applications. The response to potash was less 
pronounced on Red Bay than on the other soil types on which the experi- 
ments were conducted. The highest response was obtained on the Norfolk 
soil series. 

Crops following harvested peanuts often show symptoms of a potash 
deficiency.. Probably the best method of replacing part of the potash 
removed by the peanuts, is by increasing the rate of application to crops 
that follow peanuts in the rotation. 


RESPONSE TO GYPSUM AND LIMESTONE 


From data presented in Table 1 it is very evident that calcium plays 
an important role in the production of peanuts. Gypsum was applied on 
the foliage at the time of first blooms at the rate of 200 pounds per acre 
and resulted in a 10.61 percent increase in yield. Dolomitic limestone was 
applied in the drill at planting at the rate of 500 pounds per acre and 
resulted in a 3.66 percent increase in yield. The response was greater 
from both gypsum and lime on the Arredondo, Norfolk and Orangeburg 
soils than on Ruston, Red Bay or Dunbar. 


RESPONSE TO NITROGEN 


There was little to no response from nitrogen applied at the rates of 
6 and 12 pounds per acre. Each rate resulted in an increased yield of only 
approximately 5 percent over the plot which received no nitrogen. The 
least response was on the Red Bay and Dunbar soils and the greater 
increases were on the Orangeburg and Arredondo soils. 


RESPONSE TO PHOSPHORUS 


The response to phosphorus was more pronounced than from nitrogen. 
Plots which received only superphosphate gave an increased yield of 14.54 
percent over plots which did not receive any fertilizer. Likewise, plots 
which received only basic slag gave an increased yield of 18.92 percent 
over the non-fertilized plots. However, when the phosphoric acid was 
increased to 48 pounds the increase over the basic treatment of 30 pounds 
was only 3.96 percent. The response was greater on the Arrendondo and 
less on Red Bay than on the other soil types. Again the crop rotation 
should be considered in applying phosphorus to peanuts. 


90 


‘QR[NULIOF Poyeorpur Jo vioek tad spunod (og 


‘ark QT/T pure Z/T :92t8 10[d 


2 Tez1pNI98 7 


*xelog “q] G pue 9]e}[NS 9UTZ “q] GC ‘aqeyns wWnissuseul “q] OT ‘aqyeypos taddo') “q] OL xx 
‘sjoyd pajsnp-uou WOIF o1e SABPIOAR TOYO [IP TERE ONS usgeq oaRy Infjns pue rinjyns-raddoo 


Zurksred sjoyd oy) AyUO ‘soSerOAR asoy] Woy paytwo Useq eARYy SJUsULIEdXe SuLsnp myyns [e1oues oy Woy snuBed Jo SesBaIOUT SY], x 
BL'8% 89°C Sites) LLY LCL 69°9 696° ul hae eee HOVYAAV 
GE 6P GO'VG PS'06 POLL PIG 6P'69 8C° SP veen SiS ue + 01% 
9P'8S PV 8S 89°SCL £S°86 Go°86 88°C9 69°8S ES POU OSS Ne0 iG 
VOCE 89°VG 69°8D 6882 P98 OL'ES ee SUSU ING eaOlee 
G6 96 L8°66 9LC9 SECS LZ cL CVSS Of 6 suojsoulyT “dq, 00S + F012 
vOEE 8L'0Z Vo'EV OLDE L6'ST ZO'IS 68'CE tums) 41 00G 0a 
OF LG 89ST G6 89 OL'VL VE VI £0°CP 96°86 a ee eee VOLS 
cO1E 8r'ol 9A'9S SO'ee GO16C a ce OS 88 1 30017 
SECS AML [lk LO GG LV'IG 818 CVSS LL 0G "| VF ee 8-0L-G 
OL'CS LVS 6 OF 66 VL S8:SC\ st > ae Seg seg P-0L-Z 
G6 81 60°6 OSS 660 E8SL ST'6L Le De Nee SIS oseq 0-01-0 
bS'V1 80°22 88°82 65°02 88'0 06°EZ POC” suleney ereydsoydredns’ 0-010 
€L°CC 6v'9 VS 0 POCd ia) 69'TE | S66, | Se an POLy 
DEES 60°6 PS 0D OL'6& Ie OL £0'CE OS LG. a eee (3949) P-OL-Z 
PSL 8oVL €0°LG POEL OP LOPE Sie SIL POL0 
0 0 0 0 0 0 0 0-0-0 
; SULIe} OZ WIP T Ue, T suey Z | suey 9 SULIe 2) SUILIET 6 
4 hee 1S y 1S J 18 18 F 18 y 1°83 J 
AOVYAAV aequn¢] opuoparry dingosurso, Avg pey yPoFION, =| = wosnyT S]UOUI}Pal YT, 
Cd A eens poe ae 


y SUdAT, TOS AG VAZITLLENA YY SQOTUVA WOT SLONVAG dO ASVAYONT LNAOWAG—T] WTA VL 


MAISNTOUT 'PPEOl-CVpol “Suu 9TQOPY—Uolyeysg quowrtrad xy PBpLLoy YON, 


91 


RESPONSE TO MINOR ELEMENTS 


Under the conditions of these experiments the addition of copper, zinc, 
magnesium and boron increased the yield of nuts 8.90 percent over the 
basic fertilizer treatment, however, this small increase is probably not 
significant. 


EFFECT OF SULPHUR DUST ON THE YIELD OF PEANUTS 


Experiments conducted on 49 farms have given profitable yield 
increases from dusting peanuts with sulphur dust to control leaf spot. 
Twelve of the tests were in conjunction with various fertilizer treatments, 
the results of which are presented in Table 2. It will be noted that the 
increased yield ranged from 15.89 percent on the no-fertilizer plots to 33.49 
percent on the plot which received 300 pounds per acre of a 4-10-4 mixture. 
The average increased yield from all dusted plots over the non-dusted 
plots was 23.41 percent. Experiments comparing sulphur dust, copper- 
sulphur dust (10-90) and no dust were conducted for one year only on 20 
farms. The results are presented in Table 3. The average percentage 
increase of sulphur and copper-sulphur over no dust was 22.9 and 27.1 


TABLE 2.—Resutts oF PEANUT FERTILIZER EXPERIMENTS IN 
NortHwest FLorma—1944. 
Dusted vs Undusted 


Yield Expressed in Pounds of Nuts per Acre 


Average Yield Increase Over 
Fertilizer Treatment 12 Farms Undusted 

Dusted | Undusted| Pounds | Percent 

0:0: eee ee heen 2 eee 700 604. 96 15.89 
ORINDA as oie Bee AACE ne See et oe 866 695 171 24.64 
Dai Aa Sen Oey oct ke OR SO too 842 708 134 18.93 
Ar OA ict othe NER Merce er ak SA ec 897 672 225 33.48 
0-10-0 Superphosphate — 811 654 157 24.01 
O210-0N Basics acme ne seer 854 698 156 2P2 BIS) 
ZO AN Basicns) ace sae ene eee 891 707 184. 26.03 
PANU SSS? Sek Ser Sis dens i ie 847 710 ise | 19.26 
ZENO > BOG MC RS IDs, nce. 866 732 134 18.31 
De 6-4 ae hose sco. ee De ae ee Bs 899 145) 174 24.00 
2-10-4 + 200 lbs. Gypsum ............ 949 767 182 23.73 
2-10-4 + 500 lbs. Dol. Limestone 923 707 216 30.53 
2-10-4 + Minor Elements * ........ 841 706 135 19.12 
2-10-4 + 60 Ibs. Cu. Sulfur Dust 913 — 205 28.95 
2-10-4 + 2 Ibs. Na MO4. .............. 788 656 132 20.12 
WME so Pe Mass ah IO, So ee 880 703 ikea 25.18 


| | 


: * 10 lbs. copper sulfate, 10 Ibs. magnesium sulfate, 5 Ibs. zinc sulfate and 5 Ibs. 
orax. 
Fertilizer: 300 pounds per acre of the indicated formula. 
Soil Type: Ruston f. s. 1—4 farms. 
Norfolk f. s. 1—3 farms. 
Red Bay f. s. 1—2 farms. 
Orangeburg f. s. 1—1 farm. 
Arredondo f. s. ].—1 farm. 
Dunbar f. s. 1.—1 farm. 
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percent respectively. The yields do not take into consideration the amount 
of nuts left in the soil. Bledsoe, Harris and Clark * published data show- 
ing the amount of nuts left in the soil is of importance in any study involv- 
ing yield data. This may reflect on the total yield of peanuts due to sul- 
phur treatments. 


CONCLUSIONS 


From data obtained on several soil types in Northwest Florida it may 
be concluded that on soils of average fertility in a rotation with other 
crops which have received little or no fertilizer,.an application of 300 
pounds per acre of a 2-10-4 fertilizer will furnish sufficient nitrogen, 
phosphorus and potash for peanuts. With the addition of 200 to 400 
pounds of gypsum on soils with a low calcium level or 300 to 500 pounds 
of dolomitic limestone on soils with a high calcium level, one could expect 
3 to 10 percent increase in yield. Dusting with sulphur may further 
increase the yield of nuts 20 to 30 percent. 


* Bledsoe, R. W., Harris, H. C. and Clark. Fred, On the importance of peanuts left 


in the soil in the interpretation of increases in yield due to sulphur treatment. Jour. 


Amer. Soc. Agron. V37, No. 9, 1945. 
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THE RELATION OF SOIL TYPE AND TREATMENT 
TO THE PRODUCTION OF CORN IN NORTH 
AND WEST FLORIDA 


Mr. J. D. WARNER * 


Quite extensive reference was made in the course of Mr. Warner’s dis- 
cussion to a considerable amount of fertility work that has been done in 
North and West Florida with corn in the past, the results of which largely 
are unpublished. The importance of the unusual responses obtained to 
such trace elements as zinc in the curing of the so-called “white bud” in 
corn on certain soils also was cited, especially in relation to the results of 
the fertility work that had gone before. Inter-relationships of fertility 
work with soil type were touched upon wherever significant information 
was available in this connection. Unfortunately, no formal manuscript 
to cover this phase of the roundtable discussion was provided. Kd. 


* Vice Director in Charge, North Florida Experiment Station, Quincy. 
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THE RELATION OF SOIL TYPE AND FERTILIZER 
TREATMENT TO THE PRODUCTION OF PASTURES 
IN NORTH AND WEST FLORIDA 


Dr. G. B. KILLINGER * 


Pastures are now being recognized as a profitable part of Florida 
agriculture. For many years Florida farmers and cattlemen have paid 
little or no attention to improving pastures. The reasoning for this lack 
of interest was most probably due to (1) plenty of cut-over timberland 
available, (2) many acres of native vegetation not under fence and open 
to public grazing, (3) low price of most Florida cut-over lands. 

In the early- to mid-30s the Government started paying subsidies for 
improving pastures. Prior to this time all lands not in other crops or 
fenced were considered possible pasture land and much of it was grazed 
by mixed lots and numbers of range cattle. Subsidies for improving 
pastures stimulated cattlemen to fence, chop and destroy native vegetation, 
lime, fertilize and seed many acres for pasture purposes. At this time over 
a million acres have been improved. Some of this land has been chopped 
only, destroying native vegetation, chiefly wire grass and palmetto, and 
seeded; some has had a complete set of treatments qualifying for maximum 
payments from the Federal Government. 


The pasture program in Florida has been further stimulated by the 
finding of successful methods for growing White Dutch and other clovers 
and lespedeza. New rust-resistant oat strains developed at the North 
Florida Experiment Station and main Station at Gainesville have given 
great stimulus to the cattle industry in central and north Florida. Now on 
most tillable lands in this section of Florida green oat grazing can be had 
from December through April, or until spring and summer grasses are 
ready. New grasses, namely: Pangola, Pensacola Bahia, and Coastal Ber- 
muda, have given cattlemen a choice of grasses other than carpet grass 
and common Bahia which have been most commonly seeded in past years. 
All of these grasses are far superior to wire grass and all respond to ferti- 
lization. 

Soil type determines in many cases the grass best suited to a certain 
pasture and is always a determining factor when White Dutch clover is to 


be seeded. Moisture, temperature and fertility are highly important in 
pasture farming. 


In total acreage the flat woods, or commonly called pine woods, land 
predominates for potential quality pastures. The Leon soils occupy over 
half of the flat woods area and therefore become the one soil series com- 
prising the greatest pasture acreage. Leon soils are quite varied in their 
ability to support certain of the pasture plants. White Dutch clover grows 
well on some of the low phases, particularly if they are well fertilized 
with organic matter. In general, it can be said that carpet grass will grow 
on most Leon soils, Bahia on some, particularly the well-drained areas, 


* Agronomist, Florida Agricultural Experiment Station, Gainesville. 
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Bermuda and Pangola on the higher phases and lespedeza and clover on 
the more moist phases. Carpet and Bahia grass can be grown without ferti- 
lization; however, a complete fertilizer and, in some sections of the State, 
minor elements speed up the sodding or grassing over of a pasture. Lime 
is not essential, but when applied to a Leon soil in which the pH range 
is usually from 4 to 5, the resulting calcium content of herbage is greatly 
increased. When legumes are to be grown on this soil, from 1 to 2 tons 
of lime is practically a necessity with high calcic lime proving superior 
to dolomitic in most instances. A fertilizer carrying about 14 percent 
phosphoric acid and 10 percent potash at the rate of 500 to 600 pounds 
per acre has proven best. The phosphate and potash fertilizer must be 
applied annually for good clover growth. In addition to Leon; Ports- 
mouth, Bladen, Plummer, Bayboro, Alachua and Fellowship soils have 
produced satisfactory clover in combination with carpet grass. Fertility 
requirements of these soils remain about the same for the growing of 
clover. It generally can be said that both clover and lespedeza do best 
when grown on the heavier textured, dark, moist soils. Both legumes 
respond to phosphate, potash, and lime; however, lespedeza will grow at 
a lower fertility level and is not demanding of lime. Carpet, Pangola, and 
Bermuda grass grow best on the moist (but well-drained), heavy textured 
black soils but will do well on the higher more droughty sands. Common 
Bahia is well suited to the more droughty soils, while Pensacola Bahia 
appears to be adapted to both moist and dry soils. 

As might be expected all of the improved grasses are highest in mineral 
constituents when properly fertilized. 

Duplicate 2.5 acre pastures were fenced on the Station Farm in 1940 
on Plummer and Portsmouth soils, and fertilized for carpet grass, carpet 
erass and clover, and carpet grass and lespedeza. The acre yield of dry 
herbage and gain in pounds of beef per acre are given in Table 1. These 
results show the benefits that can be expected from fertilizing carpet grass 


TABLE 1.—AveraceE ANNUAL YIELD, Dry HERBAGE AND BEEF PER ACRE. 


4. Year Average, 1942-45 
Herbage * Treatment ____ Pounds Per Acre 
Dry Herbage | _. Beef 
Ce i | 

Carpet Grass No Fertilizer BY} | 76 
Carpet Grass Fertilized 4,321 | 150 
Carpet Grass-Clover Fertilized 9,009 583 
Carpet Grass-Lespedeza Fertilized 4.074 225 


* Fertilized carpet grass received 1 ton calcic lime and 400 lbs. of an 8-8-5 ferti- 
lizer first year, 400 lbs. of 8-8-5 second year, and 500 Ibs. per acre of a 6-6-6 the third, 
fourth and fifth years. 

Fertilized carpet grass and clover received 1% tons of calcic lime and 600 Ibs. 
of 0-16-8 the first year, 300 lbs. of 0-16-8 the second, and 400 Ibs. of 0-10-10 the third, 
fourth and fifth years. 

Fertilized carpet grass and lespedeza received 1 ton calcic lime and 350 Ibs. of 
0-16-8 the first year with 300 lbs. of 0-10-10 annually thereafter. 

Ist year—Fertilized Carpet Grass average gain—-118 pounds beef. 

lst year—Fertilized Carpet Grass and Clover average gain—300 lbs. beef. 
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Figure 1.—Steers grazing clover in January. Note early season growth as compared 
to dead carpet grass in right background. 


Figure 2.—Steers grazing same clover field as Figure 1] in May. Note full 
bloom and abundance of forage. 


and the value of growing a legume in combination with the grass. Figures 
1, 2 and 3 show growth of fertilized grass and clover. 


Table 2 gives the carpet grass response on Bladen fine sand, Leon fine 
sand and Plummer fine sand with and without fertilizer. The carpet grass 
response is given both in yield and composition of herbage. 
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Figure 3.—Steers on fertilized carpet grass in May. Note lack 
of vegetation as compared to clover field. 
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RELATED FACTORS IN TOBACCO PRODUCTION 


Mr. FRED CLARK * 


The growing of tobacco, a crop that requires special handling and care 
for maximum yield and quality, has become localized because of its soils 
and climate requirements. For example, Bright tobacco is produced in 
Virginia, North and South Carolina, Georgia, Florida and Alabama. In 
this geographical area there are two tobacco belts, known as the “old” and 
“new. The main difference in these two belts is the soil. Soils in the “old 
belt” are loams and sandy loams mostly in the Piedmont, and are derived 
from underlying granite. The subsoils in this area are usually heavy clays. 
The “new belt” soils, which include Florida, are more sandy, gravelly 
soils of Marine origin and are in the Coastal Plain section. Thus, the 
same type tobacco is grown on different soils, and many of the same varie- 
ties are grown in both areas. The “old belt” produces a heavier-bodied, 
darker tobacco than the “new belt”. Fertilization, cultural and curing 
methods may vary from one area to another, or within the same area, mak- 
ing for further specialization. 

Bright tobacco, in which we are primarily interested, is commonly 
called flue-cured, because of the method used for curing the tobacco. The 
physical properties of the soil seem to be more important than the chemi- 
cal, because it is the very light sandy soils that are best adapted to Bright 
tobacco, i.e., fluecured tobacco. It is easier to adjust a fertilizer program 
in the light soils for tobacco since it is one of the highly fertilized crops, 
and the quality of the crop as well as the yield is dependent upon available 
plant food. 

Nitrogen and certain other materials must be controlled so that these 
elements are depleted as tobacco nears maturity if good yields and quality 
leaf are to be harvested and cured. Quality has not influenced the price 
in the past two or three crop years, but growers should not lose sight of its 
importance. 

Soil types on which fluecured tobacco is grown in Florida are: Norfolk 
fine sand; Blanton fine sand; Arredondo fine sand and loamy fine sand; 
Gainesville loamy fine sand; Archer fine sand, loamy fine sand, and fine 
sandy loam; Hernando fine sand, loamy fine sand, and fine sandy loam; 
Newberry fine sand; Ruston loamy fine sand; Norfolk loamy fine sand; 
Marlboro; Tifton; and Orangeburg. 

Recent experiments conducted on a Norfolk fine sandy soil at the 
Florida Agricultural Experiment Station have given some interesting and 
worthwhile results. The experimental work did not vary to any extent over 
regular practices except in formulation of treatment. The following is a 
brief summary of the tobacco rotation practices for these experiments: 
The first year tobacco was planted on an old abandoned field which had 
been cleared of second growth, oaks, pine and sparse wire grass ground 
cover. The tobacco was followed by oats in the fall which were harvested 
the following spring, and cattail millet and peas were planted for a sum- 


* Assistant Agronomist, Agricultural Experiment Station, Gainesville. 
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mer cover crop. The following fall oats were again planted and harvested 
the next spring, and the land was allowed to grow to native weeds and 
grass for summer cover. Native weeds and grass were always grown on 
the soil preceding a planting of tobacco. The weed and grass cover was 
plowed and disked thoroughly before planting. =e 

With this system of soil and crop management, experiments were 1n1- 
tiated with: 


39 formulae tests. 

Sources and combination of sources of nitrogen. 
Rates and numbers of plants per acre. 

Acid, basic, and neutral mix fertilizers. 

Minor elements. 

Varieties. 


ANS wy 


Formulae tests were carried on in series: 
Nitrogen. 

Phosphorus. 

Potassium. 

Calcium. 

Magnesium. 


Sulfur. 
Chlorine. 


Boron. 


So ENON SS) 


Rates of each of these elements were used at levels lower and higher 
than normal applications. A standard mix or check formula was used in 
all series and these treatments were in triplicate and duplicate plots. The 
check treatment consisted of 30 pounds nitrogen, 80 pounds phosphoric 
acid, (P20;), 60 pounds potash (K20), 80 pounds calcium oxide (CaO), 
20 pounds magnesium oxide (MgO), 89 pounds sulfur trioxide (SO3), 20 
pounds chlorine (cl), and 5 pounds boron per 100 pounds of fertilizer per 
acre. All other elements were standard with only the element under study 
being varied from the check plots. 


Rates of Nitrogen. Nitrogen applications ranged from 0 to 45 pounds 
per acre, with a 30 pound rate of nitrogen producing the highest yield. 
Most sandy soils are low in nitrogen and usually little if any green manure 
crop has been grown preceding the tobacco crop. Treatments in which 
nitrogen was withheld produced the poorest tobacco growth. Heavy rates 
of nitrogen did not delay tobacco growth as measured by flowering. Heavy 
rates produced a rough, dark green leaf and these did not ripen as readily 
as the lower rates of nitrogen. 

Rates of Phosphoric Acid. From 5 to 192 pounds of phosphoric acid 
per acre were tested. Low rates of phosphoric acid did not inhibit the 
normal vegetative growth, although the plants were of a darker green color. 
High phosphoric acid produced bloom 10 days to 2 weeks earlier than the 
lower rates with an 80 pound rate of phosphoric acid per acre producing 
highest yields. 

Rates of Potash. From 0 to 310 pounds of potash were applied per 
acre, derived largely from nitrate of potash and muriate and sulfate of 
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potash sources. Tests have shown that higher rates of potash may be used 
successfully and economically. This potash need is generally accentuated 
on most of the tobacco soils of Florida because. on the average, they have 
been heavily cropped without much or any additional fertilizer. With 
low levels of potash, the tobacco plants stop vegetative growth at an early 
date, and the leaves become rough, crinkled, and reddish-brown spots 
appear resulting in a poor quality of leaf. Tobacco suckers have been 
noted to have potash deficiency symptoms, indicating severe potash defi- 
ciency. Maturity data show that high levels of potash definitely delay 
bloom, and this coupled with other elements might be a practical preven- 
tive to the immature ripening or rapid yellowing that makes harvesting 
necessary two or three times weekly. 

Fertilizer mixtures such as 3-8-1] and 3-8-16 have given profitable 
increases over the 3-8-6 analysis. When 4 percent nitrogen and 11 percent 
potash were used in a formula, yields increased, indicating the possibility 
of a nitrogen and potash relationship for higher tobacco yields. Chlorine 
percentage was controlled at the 2% level in all tests. 

Rates of calctum. From 0 to 120 pounds of calcium oxide (CaO) per 
acre were used with no deficiency symptoms noted in any of the tests. An 
80 pound rate of calcium per acre produced best results. 

Rates of magnesium. Magnesium was tested at rates. from 5 to 50 
pounds per acre. Magnesium deficiency, commonly known as “sand 
drown”, did not appear in any of the tests. This condition has been noted 
in some areas of the State, particularly on the soils that have been heavily 
cropped and had no magnesium supplied in the fertilizer. Applications 
of from 20 to 35 pounds per acre of magnesium oxide gave best results. 

Rates of Sulfur. From 9 to 169 pounds of sulfur per acre were applied 
with 89 pounds of sulfur trioxide (SO;) producing best results. Other 
tests have shown the need for further study on the nitrogen, potash, sulfur 
ratios. 

Rates of chlorine.. From 0 to 40 pounds per acre were tested, with 
the 20 pound rate producing best results. A heavier rate of 40 pounds 
per acre produced an undesirable leaf that was very fleshy, glossy green, 
and curled upward around the edges. Tobacco fertilized with 40 pounds 
chlorine per acre changed color and was quite easy to get in “high order” 
after it was cured. 

Rates of boron. From 0 to 3 pounds of boron per acre were used in 
the tests with 0.5 pound of boron per acre producing best results. Three 
pounds per acre was very toxic, producing small stunted plants with brit- 
tle glossy leaves, reddish-brown spots, and the tobacco ripened very slowly, 
with a resulting poor quality leaf. 

Rates and sources of nitrogen. Nitrogen sources and combinations 
have been one of the caution points in tobacco fertilizer analyses, and with 
this in mind tests were made using single sources and combinations of 
sources of nitrogen. 

Uninterrupted growth from transplanting to the flowering period is 
important for general plant growth and vigor, but tobacco quality cannot 
always be judged by vegetative growth. It is best for the nitrogen supply 
to begin a gradual decline in the late growing period to insure a uniform 
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ripening, although as mentioned earlier, a premature yellowing is not 
desired. 

Tests were conducted with nitrate of soda, sulphate of ammonia, urea, 
cottonseed meal and stable manure. An analysis, having 14 nitrate of 
soda, 1 sulphate of ammonia, 13 urea or 30 pounds nitrogen per acre, 
produced best yields followed closely by a combination of 14 nitrate of 
soda, 14 sulphate of ammonia, 1 urea or 30 pounds nitrogen per acre, 
gave poor results, although stable manure, 3 percent nitrogen equivalent 
plus a 3-8-6 complete fertilizer has given outstanding yields over the check 
3-8-6 analysis. 

Rates of fertilizer and numbers of plants per acre. 1000 to 1800 
pounds of the standard 3-8-6 fertilizer. per acre was used with 5026 plants 
per acre, and 1000 to 1800 pounds of the same analysis with a 300 plant 
increase for every 200 pounds increase in fertilizer per acre. 

The following are per acre yield increases from the 1000 to 1800 
pound rates when 200 pounds of additional fertilizer were added for each 
increase, with 5026 plants: 2, 117, 177, and 228 pounds respectively. 

The yields per acre when 300 additional plants were added for each 
200 pounds increase in fertilizer were: 81, 163, 228, and 282 pounds per 
acre respectively. 

From these tests it seems quite possible for the grower to increase the 
number of plants in about the same ratio with fertilizer increases for most 
profitable returns. For example, 1600 pounds of fertilizer and 5926 plants 
produced the same increased yields as 1800 pounds of fertilizer with 5026 
plants. 

Acid, basic and neutral mixtures. All treatments were made neutral 
so far as possible in the formulae test, thus the question of acid, basic and 
neutral mixed fertilizer for sandy soils. Results of the Neutral Mix were 
not signi“cant over acid or basic mixes, however, the acid mix did produce 
a higher quality tobacco than the neutral or the basic mix. 

Minor Elements. Tests with copper, manganese, iron, cobalt, zinc and 
boron did not give an increase in yield over the no minor element treat- 
ments and a toxic condition was noted on several treatments. 

Varieties. The following varieties of light and heavy types of flue- 
cured tobacco were tested, Light types: Gold Dollar, Bonanza, Mammoth 
Gold, Yellow Mammoth, Virginia Bright Leaf, Cash, and 401; heavy 
types: Adcock, Gold Leaf, Hester. The light types were far superior in 
quality to the heavy types, although some of the heavy types were com- 
parable in yield. The Cash variety has been a very popular variety in 
Florida, but because of undesirable genetic traits it has practically been 
discarded. This is one of the parents of the 401 variety. Any recom- 
mendation for the best variety would be difficult when the lighter types are 
to be recommended, because soil type, culture, and fertilizer practices on 
individual farms must be considered. Fertilization data do not show any 
relationship of variety to fertilizer response. 


Cultural practices. These may vary from grower to grower, but in 
tests the standard practice has proved equal to any method yet tried. Irri- 
gation will prove valuable to those that have access to a plentiful water 
supply. 
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Climatic conditions. An abundance of healthy plants with good 
weather conditions at transplanting time, and intermittent showers during 
the growing season is the ideal for a crop of tobacco. This is not always 
the case in tobacco production, as oftentimes heavy rainfalls occur during 
the early growing season which may leach part of the necessary nutrients, 
whereas delayed rainfall often causes the plants to harden up and with 
excessive rainfall during the late growing period makes for flash growth, 
and oftentimes very poor quality. Growers oftentimes could profit by 
applying additional fertilizer, during the growing season. Adverse 
weather conditions during harvesting reduces quality. Sunny days should 
precede harvesting days, if possible—however, this factor is not control- 
lable. 

Harvesting. Tobacco should be “topped”, which is the removal of the 
flower, for increased production and quality. Topping usually precedes 
the actual harvesting of the leaves from the stalk—which is from 10 to 11 
weeks after transplanting. Tobacco should be “ripe” before it is primed 
from the plant. Ripe tobacco has a dull yellow cast and yellow specks 
begin to occur over the leaf surface. Harvesting is greatly influenced by 
disease and weather conditions, but an average crop should be harvested 
not more than once a week. The leaves should be handled carefully during 
the priming, as they are easily broken and torn, making for reduced 
quality. 

Curing. Curing immediately follows the harvesting, and is one of the 
most important factors in Bright tobacco culture. Tobacco that has been 
properly fertilized, cultivated, harvested, and prepared for curing should 
be easy to cure for maximum quality, although vegetative growth which 
appears excellent to the eye may not continue to be best when the leaf is 
cured. Curing may be termed the gradual removal of leaf moisture (80 
to 90 percent) by certain temperature advances, at which time certain 
enzymatic action takes place, producing desirable or undesirable individ- 
ual leaf characteristics as to color, aroma and elasticity. These tempera- 
ture changes are known as (1) Yellowing, (2) Fixing the color, (3) Dry- 
ing leaf and stem. Thus, it is very easy to reduce a good leaf to a poor 
quality by improper regulation of the temperature and ventilation during 
the curing process. 

Leaf quality. High yield and good quality is the goal in any tobacco 
crop, but like grades should be classed together for best returns, which has 
not been the rule for the last several crop seasons. 

Briefly summarized. If one is to be successful as a tobacco grower, it 
is necessary to keep cost and labor at a minimum, have a working knowl- 
edge of the many related phases of crop production; namely, soils, ferti- 
lization, pathology, and entomology, as well as experience, which is also 
important and necessary for many crops. 
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GRAZING CARPET AND COMMON BAHIA GRASS ON 
FLATWOODS LAND 
Dr. E. M. Hopces anp Dr. W. G. Kirk * 


Pasture areas for experimental grazing were established at the Range 
Cattle Station during the spring and summer of 1942. 

The native land, covered with wiregrass and palmetto, was thoroughly 
disced and chopped to destroy the native vegetation. Immokalee fine sand, 
a typical flatwoods soil, made up almost all of the area involved. This soil 
is relatively low in natural fertility and has an average pH of 4.2 before 
treatment. Drainage is good except during periods of heavy rainfall. 

All original fertilizer and lime materials were applied after land 
preparation and prior to seeding. Subsequent soil amendments have been 
applied to the surface. Annual maintenance has been given, using either 
a mower ora chopper with closely spaced blades. 

Yearling and 2-year-old steers have grazed on the pastures during the 
1943, 1944, and 1945 seasons. The animals are rotated between duplicate 
pastures at approximately weekly intervals, the same individuals grazing 
on the same species-fertilizer combination through the entire season. Man- 
agement has been intended to obtain the greatest animal gain per acre. 


TABLE 1.—WeicHt CHANGES AND MINERAL CONSUMPTION OF STEERS 
on FLatwoops Pastures. 


(Three-year average) 


Beef Gain Mineral Consump- 
CARPET GRASS Per Acre, Average tion per Animal 
atl per Season Daily Gain per Day 
Pounds Pounds Pounds 
No fertilizer tlh 0.30 0.33 
Pr 37 0.55 0.20 
NPs K? Ca? 61 0.72 0.14 
INP Kee Ga 78 0.87 0.11 
NPs K Ca ME® 86 0.74 0.10 
COMMON BAHIA | 
GRASS | 
No fertilizer 25 0.72 0.20 
NPs K Ca 66 0.77 0.16 


Pee ground ea rock phosphate at 1800 Ibs. per acre, 1942. 
400 lbs. per acre of 3-16-8 in 1942; 100 lbs. nitrate of soda in 1943 ; 
500 Ibs. of 6-6-6 in 1945. 2 Rarer 
* Hicalcic lime applied at 2000 lbs. per acre, 1942, 
oN and K applied at same rates as in footnote 2. 
ates per acre—iron, manganese and magnesium sulphate; 50 Ibs. h— 
sulphate; 25 lbs.—borax; 10 lbs.—zine sulphate; 10 lbs.—cobalt chiotid@ ib, 1942. 


* Associate Agronomist and Vice-Director in Charge, respectively, Range Cattle 
Station, Ona. 
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Grazing results for Carpet grass under 5 different fertilization practices 
and Common Bahia at 2 fertilizer levels are indicated in Table 1. 

Gain per acre is the weight increase attributed to a single acre of 
pasture for a spring and summer grazing period of about 7 months dura- 
tion. The average daily gain represents the weight increase per day for 
each animal over the entire grazing season. Average mineral consumption 
includes the amounts of common salt, steamed bone meal, and salt-sick 
supplement taken by each animal for each day on the pasture. Animals 
had free access to these minerals. 

Unfertilized carpet grass established slowly and produced low gains 
while mineral supplement consumption on this pasture was high. Two 
animals grazed on 10 acres of unfertilized pasture made a net loss for the 
1944 season, accounting for the low average gains as seen in the Table. 

Raw rock phosphate applied at 1800 pounds per acre increased the 
beef gains and reduced mineral supplement consumption. Animals grazed 
on pasture getting this treatment finished the grazing season with a higher 
market grade than those on the untreated grass. 

Carpet grass grew more rapidly on limed and fertilized land than on 
the two preceding treatments. This resulted in more gain per acre and in 
distinct improvement in the grade of beef produced. A further change in 
the mineral nutrition of the animal is indicated by the reduction in mineral 
supplement consumption. 

The substitution of a heavy rate of raw rock phosphate for the super- 
phosphate in the complete fertilizer and lime has given some increase in 
beef yields and a reduction in mineral consumption. This comparison is 
only begun and cannot be evaluated until the effect of the refertilization 
program is obtained. 

The use of copper, zinc, manganese and other minor elements in addi- 
tion to the N-Ps-K-Ca treatment yielded a substantial increase in gain per 
acre. More cattle have been grazed on the minor element treated pastures, 
but there is little indication that the individual animals have thrived better 
than those on the no minor element pasture. 

Common Bahia grass planted and replanted on unfertilized land has 
produced no stand after 4 years time. The addition of lime and complete 
fertilizer encouraged growth of this species, although a complete stand has 
not yet been obtained. 

Comparing the yield of untreated Carpet and Bahia grass, the record 
shows an advantage for the Bahia. The small number of animals used 
permits variations between animals to influence the results over a short 
period of years. At this low fertility level, small variations in natural 
productivity may cause large differences in the grazing results. 

Fertilized Bahia withstood the drought of early 1945 which seriously 
reduced the stand of Carpet grass. As a result of this drought resistance, 
the average performance of the Bahia has been a little better than Carpet 
in the Range Station trials. 

These observations seem sufficient basis on which to discourage exten- 
sive preparation and planting of pasture on this type of land without fertili- 
zation. They may also serve to indicate that the question of money return 
from fertilized pasture is not completely answered and that it is to be 
treated with utmost caution by all concerned. 
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SYMPOSIUM III: THE USE OF LIME IN FLORIDA 
AGRICULTURE 


Newell Hall, Saturday, February 15, 1946 
9:30 A. M. 


INTRODUCTION 
Dr. F. B. SmitH * 


The use of lime on Florida farms increased from 3,500 tons in 1930 
to 121,200 tons in 1943. This increased use of lime in agriculture has not 
been confined to Florida and the Southeast but similar increases have been 
recorded for eastern and north central regions of the United States. It has 
been estimated that 60 per cent of this increased use of lime was due to dis- 
tribution and benefit payments by the Agricultural Adjustment Adminis- 
tration. A contributing factor to the increased use of lime in recent years, 
no doubt, has been the increase in scientific knowledge and understanding 
of base exchange reactions in soils together with the development of 
methods for determining the lime requirements of soils. It is not claimed 
that the practice has recently been accepted as fundamental and necessary, 
but the well informed have long known that liming acid soils is basic to 
permanent agriculture in humid regions. 

During the early days of the depression it was not uncommon to hear 
the question, “Why lime acid soils?” “Why not breed acid-tolerant crops?” 
Of course those who understand the principles of soil formation and soil 
fertility maintenance know that an “acid agriculture” is fundamentally 
unsound. A simple illustration of soil genesis makes this clear. The clay 
minerals are formed by the hydrolysis of primary minerals such as musco- 
vite, biotite and orthoclase. The presence of water is a necessary condition 
and the speed of the reaction is increased by carbon dioxide and by an 
increase in temperature. The removal of the soluble products is assumed 
under humid conditions. The net result is a de-alkalization of the original 
mineral and a progressively increased acid reaction until ultimately the 
secondary mineral which was formed may be dissolved, leaving silicon 
dioxide and iron oxide. The process has already progressed far in this 
direction in some of our humid, tropical soils. In other words, the point 
is made that a certain base status is necessary if we are to keep the soils 
after nature has formed them. Carried to its logical conclusion, an acid 
agriculture would result in the dissolution of the soil from under our crops. 
However, we should be forced to quit growing plants long before that 
because of unfavorable physical conditions of the soil, the unavailability 
of essential elements, or the presence of toxic concentrations of iron and 
aluminum. Even before these conditions could appear, unfavorable micro- 


* Chemist, Soils Department, Florida Agricultural Experiment Station, Gainesville. 
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biological conditions and the competition of uneconomic species of plants 
would preclude the possibility of productive farming. 

When soils are first formed they contain more or less of the bases. 
Through the processes of soil genesis much of the base content of the 
original material is lost. This loss of bases is greatly intensified in 
regions of high rainfall by the presence of carbon dioxide. In addition 
to this loss by leaching, certain bases are removed in plants where crops 
are harvested. Consequently, soils naturally become increasingly more 
and more acid as time goes on. In time, then, all soils will become 
depleted of their bases unless the process of removal is checked or addi- 
tions of bases are made. Lime is fundamental in good soil management 
and necessary in the maintenance of permanent soil fertility. However, 
one should not be alarmed if the soils are slightly acid. As a matter of 
fact, nearly all life prefers a slightly acid medium in which to develop. 
On the other hand, it is a common observation that the highly productive 
soils of the world are well supplied with bases. That is, they are not 
strongly acid, but the colloidal complex has a high base status. This 
observation is so common that many of our specialists have concluded that 
all soils should be limed. Now it should be obvious that all soils are not 
alike and successful soil management calls for adjusting conditions to 
meet individual soil needs. Sometimes this is a difficult task and small 
wonder that serious injury has often resulted from the use of too much 
lime. If most plants prefer an acid condition and injury from over-liming 
may result, then why is it necessary to control the acidity of the soil by 
the use of lime? In the first place, calcium is an essential element and 
strongly acid soils may mean a deficiency of available calcium. Some 
crops have a low lime requirement and even under acid soil conditions may 
find sufficient available calcium for their needs. 

In addition to supplying the nutrient element calcium, lime has a 
number of other important functions in soils. Calcium is a requisite for 
the aggregation of colloidal particles whether organic or inorganic. These 
particles are dispersed under acid soil conditions and under the impact of 
heavy rainfall they are carried down to form a hardpan layer. The move- 
ment of air and water so necessary for good plant growth are impeded 
and soil fertility is impaired. The effect may be more noticeable in heavy 
textured soils, especially on slopes where erosion may be accelerated, but 
it is none the less important in sandy soils where every colloidal particle 
is virtually worth its weight in gold. 

Lime on acid soils increases the availability of the essential nutrient 
plant food elements. A general review of the literature shows that one 
beneficial effect of lime is in the releasing of highly insoluble phosphates. 
Tn strongly acid, heavy textured soils the phosphorus exists in the unavail- 
able iron and aluminum combination. Consequently, applications of lime 
usually result in an increased uptake of phosphorus and calcium by the 
plant. The effect of lime on the pH of the soil depends on the mechanical 
composition of the soil, the nature of the exchange complex, and amount 
of calcium already absorbed. Calcium in the soil sufficient to produce pH 
values of 5.8 to 6.4 usually results in increased availability of all the essen- 
- tial elements. Potassium, magnesium, the minor elements, and phosphorus 
in sands, added to strongly acid soils leach readily and in sandy soils under 
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heavy rainfall, crops may suffer a deficiency of these elements even with 
heavy fertilization. Where removal by leaching is not effected, toxic con- 
centrations of aluminum, manganese or other elements may occur. 

Good soil management calls for an understanding of crop needs as 
well as of soil conditions. The problem of proper liming becomes one 
of adjusting the pH to meet the needs when they are known. This is not 
quite so simple as it may appear to be. The soil is a product of natural 
forces, such as climate, parent material and vegetation, acting over a very 
long period of time. A product so long in the forming has rather fixed 
characteristics and they are not easily changed without radically affecting 
the whole constitution of the soil. The pH of the soil is seldom ever 
adjusted downward. However, this may be desirable under certain condi- 
tions. It is to be remembered that fertile soils are usually supplied with 
an abundance of bases and acid conditions mean a lack of bases. Some- 
times it is desirable to lower the pH of the soil to a rather low value tem- 
porarily, as in the case of controlling Brown Rot of potato. After the pH 
has been adjusted downward for a short time, sufficient lime should be 
added to readjust the pH to a normal value. The pH should never be 
adjusted far downward and allowed to remain low for an extended period 
of time. This does not, of course, refer to azaleas or other permanent 
plantings where the adjustment is localized. Sulfur is one of the best 
materials for producing soil acidity because it does not leave harmful resi- 
dues and the action is relatively mild. The continued use of ammonium 
sulfate causes the soil to become acid. The decomposition of nitrogenous 
plant materials, such as cottonseed meal, results in acid production through 
nitrification and a lower pH. Aluminum sulfate and iron sulfate are often 
recommended, aluminum sulfate especially for azaleas. 

The determination of the amount of lime to apply to raise the pH a 
given amount or the determination of the amount of sulfur to apply to 
lower the pH a given amount is a difficult problem and varies between 
soil types, and even within a soil type depending upon the organic matter 
content. The earlier practice was to recommend enough lime to neutralize 
the total acidity. Where sufficient lime is applied to correct the total 
acidity, pH values of 8.0 and above are common. Sufficient lime to correct 
total acidity may have detrimental effects, usually referred to as over-liming 
injury. The injury is not permanent but serious, and because of that it 
has served to prejudice many against the use of lime under any condition. 
One must consider the total exchange capacity of the soil, the pH and the 
ratio of calcium to other bases in order to arrive at the true lime require- 
ment of the soil. There is a relationship between the three values for a 
given soil, but this relationship may not be the same for different soils. 
The pH, alone, is not a safe guide but if one knows the conditions of the 
soil and the needs of the crop, the pH value is a good index of the lime 
needs of the soil. 
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THE USE OF LIME IN FLORIDA AGRICULTURE — 
VEGETABLE CROPS 


Dr. F. S. Jamison * 


The history of liming for truck crops was reviewed and particular 
emphasis placed on the need for definite information on the reaction (pH) 
of the soil or soils of a definite field or area before specific liming recom- 
mendations can be made for a particular crop. Serious damage done to 
light sandy soils in the past by overliming, damages that are expensive 
and time-consuming to correct, were referred to as the ever-present danger 
of proceeding on a liming program without adequate information. No 
formal manuscript to cover this phase of the general discussion was pro- 


vided. Ed. 


* Truck Crop Horticulturist, Florida Agricultural Experiment Station, Gainesville. 
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THE USE OF LIME IN FLORIDA AGRICULTURE — 
CITRUS 


Dr. VERNON C. JAMISON * 

It should be understood that the term “lime” as used here in connec- 
tion with citrus in Florida refers more to dolomite than to calcic lime. 
Because of the magnesium released in acid soils from dolomite and because 
of the importance of magnesium in citrus culture in Florida, dolomite is 
the most widely used liming material for citrus in this State. 


The study of the effect of lime or dolomite or fertilizers upon the sandy 
soils of Florida is complicated by the unstable condition of these soils with 
regard to their content of exchangeable bases. Due to the effects of leach- 
ing the results found following a soil treatment will depend quite largely 
upon the length of time and weather conditions since the treatment was 
applied (Table 1). Where seasonal comparisons are to be made samples 
should be taken at the same time each year, preferably just before the 
“spring fertilization” (usually in February). Marked differences are 
often observed in the nutrient bases, calcium, magnesium and potassium, 
present in the soil samples taken in different years or seasons of the same 
year. The variations are attributable to the extent to which the soil was 
leached during the period between the application of fertilizer and the 
taking of the soil samples. This is a very important point to keep in mind 
in connection with soil studies. The results found will give some idea as 
to the nutrient status at the time of sampling only and they do not neces- 
sarily reflect the average soil condition during any given period. If one 
wishes to follow those changes samples must be taken frequently—at least 
once each month during fall, winter and spring months and more frequent- 
ly during the summer rainy period. For this reason data given in this 
paper should be considered mostly in the light of results for soil samples 
taken from plots at the same time. That is, as far as the effects of soil 
treatments are concerned, the differences found at the same sampling dates 
are of far greater significance than the changes which may be shown by 
infrequent sampling. 

Since the acid colloids in soils will react with liming materials to 
release the bases or metallic cations to the soluble and exchangeable states 
advantage is taken of the acid condition of unlimed sandy soils in citrus 
groves to release magnesium from dolomite, thus supplementing the mag- 
nesium used in the balanced citrus fertilizers used. Thus, dolomite is a 
cheap source of readily available magnesium when used on sour soils. 
However, as the soil acids are neutralized or nearly so, further additions 
of dolomite may not be attended with a sufficient release of magnesium to 
adequately supplement that supplied in the fertilizer and in order to avoid 
loss in crop production water soluble magnesium or magnesium source 


materials sufficiently active to release soluble magnesium must be increased 
in the fertilizer used. 


* Soils Chemist, Citrus Experiment Station, Lake Alfred. 
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TABLE 1.—TuHe Variation Founp 1n CHEMICAL COMPOSITION OF THE Som IN 
EXPERIMENTAL Priors in RELATION TO RAINFALL OvER A PERIOD OF Four Monrus. 


Sample | Plot | Date | a | Bounds = pereosnches 
No. | No.* | Sampled | Rain- | Exchangeable Bases 

| | fall** | Ca Mg K 

3K | M4 | 2/7/42 0.0 | 564 le 47 86 

9K | M4 | 2/27/42 ca 511 40 48 

14K | M4 | 3/19/42 9.3 | 595 44 49 

19K M-4 | 4/2/42 12.5 405 (es 46 

24K M4 | 6/5/42 | 15.7 373 26-- | 46 

23K | M4 | 6/12/42 | 200 341 24, 28 

| | 


* Experimental plots in Block X, Citrus Experiment Station grove, Lake Alfred, 
Florida. 


** Total amount after start of experiment. 


Soil acidity is not only important in regards to the release of bases 
from dolomite applied but it is related to the retention of nutrient cations 
from the fertilizers applied and also the retention of exchangeable cations 
against leaching. Nutrient cations supplied in fertilizer are retained bet- 
ter against leaching in a mildly acid than in a very acid, neutral or alka- 
line soil (3,4,6,7.9). However, after the soluble fertilizer salts are leached 
from the soil, the nutrient bases held in the exchangeable form are hydro- 
lized and lost more rapidly from the less acid soils. Where excess basic 
residues are present from overliming the loss is further increased. The 
over-all effect is that moderate applications of dolomite or lime seems 
to conserve magnesium added in fertilizer (Table 2), but there appears to 
be little effect upon the retention of potassium. In addition to the effect 
upon the retention of exchangeable bases, excessive application of liming 
materials decreases the activity of copper, zinc, and manganese in the soil 
solution (5,8,10). Copper and zine become increasingly difficultly 
exchangeable with increase in soil pH while it appears that manganese 
reverts to the hydrated dioxide and then to the inert dioxide form. For 
these various reasons it has been recommended that the soil pH in citrus 
groves be controlled roughly between the limits of 5.3 and 6.0 (2). 

The materials in the fertilizer as well as the liming materials used are 
factors in determining the exchangeable bases retained in the soil. One 
may think that' with no regard to the fertilizer used that the kind of lime 
used will determine the bases that are “built into” the soil. Actually 
the two are related. The exchangeable bases, or more correctly, the 
exchangeable cations including hydrogen, are retained in the soil with 
different degrees of force. The capacity of a given soil to retain these 
cations (hydrogen, calcium, magnesium, potassium, manganese, and 
others) is not only limited according to the inherent tertility of the soil, 
but there is a definite order of attractive force or affinity of the soil for the 
various cations. That is, hydrogen has by far the greatest affinity for a 
place in the soil colloidal exchange complex or mechanism with the basic 
cations falling in the following order of decreasing affinity, calcium, mag- 
nesium, potassium, ammonium, and sodium with copper, zinc, and manga- 
nese probably falling in order between hydrogen and calcium. This prin- 
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TABLE 2.—Tue Errecr or MoperaTE APPLICATIONS OF CALCIC Lime Upon THE 
Rerention of Macnesium AND PorassiUM IN THE EXCHANGEABLE Form IN THE SOIL 
FROM FERTILIZER APPLIED. 


Experimental Block IX 
‘, a Plot 4 Plot 5 ' 
Die lias te Limed (pH 5, 8-6, 2)* | Unlimed (pH 4, 85, 2)* 

he eas |__ Mg K 

PHA Ome | a2 Oz- 32 
11/19/39 22 43 | 18 37 
1/29/41 48 56 33 70 
2/5/42 44 | 58 | 29 64 
2/3/43 73 74 42 62 
3/16/44 45 52 29 5l 
2/8/45 47 | 90 37 92 


* The same fertilizer treatment carrying 4 percent MgO, the only difference being 
in the application of lime. 
** Before the application of any magnesium to the soil. 


ciple is demonstrated in Tables 2 and 3. When calcium carbonate was 
used to increase the pH of the soil and magnesium added in the fertilizer 
(equivalent in amount to 4 percent MgQ) a little more magnesium was 
retained in the limed than in the unlimed soil. Thus, magnesium can 
compete with calcium more readily than with hydrogen for a position in the 
soil complex. When the soil was limed with a basic magnesium material 
and calcium was added in the fertilizer (in the superphosphate salts) large 
increases in exchangeable calcium accompanied the increase in exchange- 
able magnesium. That is the soil hydrogen was neutralized by the basic 
magnesium carbonate, and the liberated magnesium replaced the neutral- 
ized hydrogen, but calcium readily replaced a portion of the magnesium. 
Thus, one may temporarily introduce easily exchangeable cations into soil 
by adding them in basic materials but they may be rapidly replaced by 
other cations, especially hydrogen and calcium. Pot lysimeter tests con- 
ducted at the Citrus Experiment Station have shown that although fairly 
large amounts of potassium may be introduced into the soil exchange 
mechanism, it is quickly replaced and lost by leaching when a complete 
fertilizer (containing calcium and magnesium salts) is added, especially 
if the fertilizer is “physiologically acid” (i.e., causes the soil to become 
increasingly acid). 

Finally, there is one other principle sometimes ignored or misunder- 
stood that is important as far as the effect of the quantities of nutrient 
cations in the soil upon the composition of citrus foliage is concerned. The 
magnesium absorbed by citrus from a soil high in exchangeable mag- 
nesium may be comparatively lower than that absorbed from a soil low in 
exchangeable magnesium (Table 4). In a survey of groves on the ridge in 
comparison with those in the coastal sections of the State it was found 
that the magnesium in the foliage of hammock groves of the coast averaged 
slightly less than it did on the ridge even though the hammock soils con- 
tained, on an average, nearly four times as much exchangeable magnesium 
(1). In the paper given by Dr. B. R. Fudge previously during these pro- 
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ceedings it was shown that the balance between the various cations largely 
controls the quantities absorbed as shown by foliage composition. Thus, 
a soil high in exchangeable calcium may have an inadequate supply of 
magnesium, especially if the quantity found were just sufficient to allow 
adequate absorption in a soil of low calcium content. It is quite clear 
that not only the absolute quantities of the soil nutrients should be consid- 
ered but the relative amounts or the balance between the quantities present 
in the soil when soil analytical data are being compared. 


TABLE 4.—TuHe CompariIsON OF THE AVERAGE SOIL AND. FOLIAGE COMPOSITION OF 
Som. AND Fortiace as Founp rn A SuRVEY OF GROVES ON WIDELY 
DirFERENT Soi TyPeEs. 


Exchangeable Bases 
Soil Pounds per Acre-6-Inches of Soil 
Ca | Mg K 
Hammock 3600 291 168 
Sandy 764, 54 99 
Foliage | Percent of Dry Matter 
Ca Mg K 
Hammock Soil Groves 5.61 | 0.318 1.36 
Sandy Soil Groves 3.09 0.336 2.26 


From the practical point of view, the moderate use of dolomite on acid 
soils in Florida devoted to citrus is beneficial in that dolomite is a cheap 
source of magnesium and exchangeable nutrient cations are conserved 
against leaching a little better in a mildly acid than in a strongly acid soil. 
However, since magnesium is released very slowly from dolomite in a 
mildly acid, neutral or alkaline soil and readily exchangeable bases such 
as potash are lost more rapidly in the presence of basic residues after the 
soluble salts are leached and nutrients like copper, zinc and manganese 
become less active as the soil pH increases, it is quite clear that precautions 
should be taken to avoid excessive applications of dolomite or lime. As 
previously recommended, the soil pH in citrus groves should be kept above 
5.3 and should not be carried above 6.0 with dolomite applications. Light 


annual applications are preferred to those which are heavier but less 
frequent. 
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THE USE OF LIME IN FLORIDA AGRICULTURE — 
FIELD CROPS 


Dr. Henry C. Harris * 


Apparently I had the wrong idea of what this discussion was to be. I 
thought practical recommendations for the various crops were to be taken 
up in an informal way, and for that reason I prepared some remarks to 
the effect that the amount of lime for field crops would depend on the soil 
and the crop. Acid soil would need lime but soils well supplied with lime 
would not. Furthermore many crops such as corn and cotton were not 
usually limed while clovers and legumes were. But this did not seem to be 
what I was to talk about and when the Chairman called for the formal 
papers discussing the more technical aspects of the subject I decided to 
throw my prepared paper away and discuss a few points which interest 
me about pH values of soils. 

Other speakers have mentioned the fact, and I want to emphasize it, 
that the pH value of the soil on any one plot is by no means constant 
throughout the year. The same plot may vary from time to time, and it 
is almost impossible to control a soil at an exact pH value. By means of 
such substances as lime and sulfur, one can secure a general control of the 
pH value of the soil, which is quite valuable in experimental work, but 
there frequently are fluctuations in the value for the same spot at different 
sampling periods. 

This leads me to the observation that there is no value in pH, per se, 
except insofar as it gives an indication of the nutritional condition of the 
soil. Plant physiologists have conducted experiments in which the pH 
value of the nutrient solution was controlled over a range from about 4 
to about 9 and there was little effect of the change in pH value over the 
whole range when the plants were well supplied with nutrients. Appar- 
ently the bad or good effects of any change in pH value is quite largely 
related to the change in nutrition. 

In this connection I want to mention two soil situations in this State. 
Many of our sandy soils are acid, and need some lime, but the base 
exchange capacity is very low, and it does not take much lime to saturate 
them. If large amounts of lime are applied the pH becomes high and one 
gets into such disturbances as unavailability of minor elements. Under 
such conditions an effort is made to apply enough lime to bring the pH 
value of the soil to about 6 or a little above. One tries to apply enough 
lime to do that, and yet not enough to get into these other troubles. The 
problem, therefore, is one of nutrition and not the pH value, except, as it 
relates to nutrition. 

Around Homestead, Florida, are some unusual soils. I am told that 
they may be 90% limestone and should be overlimed. The pH values of 
them are very high. There is so much lime in the soil that one would 
expect crops to do poorly, and yet excellent crops are grown. As I under- 
stand it the only minor element that has given much response is manganese. 
In this situation a high pH value apparently has done no harm. Now why 


* Associate Agronomist, Florida Agricultural Experiment Station, Gainesville. 
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is that? I do not know the full answer, but I suspect that there is some- 
thing about the nature of the soil, and, or, the amount of organic matter 
so that a good supply of available nutrients is maintained for the crops. 

The two soil situations are quite different. In one case a high pH value 
is harmful; in the other the existing high pH value seems to do no harm. 
This illustrates perfectly the point that | am trying to make, namely, that 
the pH value of the soil is not the important thing, but it is the supply of 
available nutrients for the crop. 
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THE USE OF LIME ON FLORIDA PASTURES 


Dye, (Ce 1. Siaiininyerni 


According to AAA payments there were 60,654. tons of agricultural 
lime used on Florida farms in 1944. Of this tonnage it is estimated that 
19,783 tons were applied to pastures. ~-It is recognized that a greater total 
tonnage than that mentioned was actually used as the tonnage indicated 
was used in qualifying for AAA payments. Probably the ratio of total 
lime used in the State to the amount applied to pastures is the same, or 
about | out of every 3 tons. 

Lime increases the calcium content of various grasses growing on the 
acid soils in Florida. For example, Carpet grass on a Leon soil with 
original pH of 4.25, when limed with 1 ton of high calcic lime may have 
an increased calcium content of from 25% to 50%. This higher content 
of calcium in herbage is highly important in body and bone building pro- 
cesses. 

Most grasses do not require additional lime for growth, however, Ber- 
muda grass is an exception.” Bermuda grass will grow and produce very 
sparsely on acid soils that have not been fortified with lime. 


CLOVERS 


The “Trifolium” clovers require, usually, from 1 ton upwards of lime 
on acid soils. The “Medicago” clovers require, usually, 2 or more tons 
of lime for best growth on acid soils. Particularly is this true with the 
Black medic and Sweet clovers. 


LESPEDEZA 


The various lespedezas are not demanding of lime, but respond to 
moderate applications of 14 to 1 ton per acre. 


OVER-LIMING 


Heavy applications of lime, from 3 tons per acre upward, may cause 
deficiencies in other plant food elements on some Florida soils. With 
heavy lime applications, and when legumes are to be grown, potassium 
should be supplied in liberal amounts, likewise manganese may become 
deficient in such instances. 


* Agronomist, Florida Agricultural Experiment Station, Gainesville. 
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BANQUET AND BUSINESS MEETING 


Pror. W. E. Stokes, Presiding 


The usual business meeting was called at 9:00 P. M. immediately fol- 
lowing the Annual Banquet held in Hotel Thomas, Gainesville, on the 
evening of February 15. The reading of the minutes was dispensed with 
and the first order of business was a most inspiring lecture by Dr. Selman 
A. Waksman, Microbiologist, Rutgers University, New Brunswick, New 
Jersey, on “Soil Microbes and Medicine.” The complete text of his lecture 
is published at the front of the volume, pp. 7-17, where Dr. Waksman is 
acknowledged as Guest Speaker of the evening. 


APPOINTMENT OF NOMINATING COMMITTEE 


A Nominating Committee was appointed by the Chair at the close of 
the morning meeting and charged with the responsibility of reporting its 
recommendations in the course of the Business Meeting. The Committee 
was made up as follows: 


Dr. F. B. Smith, Chairman 
Mr. H. A. Bestor 
Mr. R. A. Carrigan 


APPOINTMENT OF AUDITING COMMITTEE 


The Chair appointed the following Auditing Committee to assist the 
Treasurer in auditing the accounts of the Society as of the close of the 
year with authority to approve same if all records were found in order: 


Dr. Roy A. Bair 
Mr. Charles C. Seale 
Dr. W. T. Forsee, Jr. 


REPORTS OF SUBJECT MATTER COMMITTEES 


Brief extemporaneous reports were made by the Chairman of the 
Forest Relationships Committee and of the Animal Relationships Com- 
mittee which were very interesting but not sufficiently of record to be pub- 
lished. There were comments in the course of the brief discussion that 
followed suggesting that these Committees should be more active and 
more systematic in their reports in the future. 


RESOLUTIONS COMMITTEE 


Mr. Luther Jones, Chairman 
_ Dr. F. B. Smith, Acting Chairman 


There was a considerable amount of discussion regarding the merits 
of the Abernethy Bill, which was about to come up again for congressional 
action at the time of the Annual Meeting, especially as a vehicle for the 
support of our much needed help in Central and South Florida in con- 
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nection with water control and conservation. No instructions were given 
the Committee to prepare a resolution on the subject. 

The Resolutions Committee was instructed by the Chair to prepare an 
appropriate resolution of sympathy to send to the immediate relatives of 
those members of the Society who have been taken by death during the 
year. 


ELECTION OF OFFICERS 


The Nominating Committee was requested to report upon their recom- 
mendations for candidates to fill the office of Vice-President of the Society 
and offered a single candidate in the person of Mr.-Horace Bestor, Drain- 
age Engineer of Clewiston, in view of the outstanding work he has done 
in the field of water conservation in-Florida. Simultaneously with the 
recommendation the Chairman of the Nominating Committee moved that 
nominations be closed and the Secretary instructed to cast a unanimous 
ballot for the Committee’s nominee. The motion carried unanimously. 


INSTALLATION OF OFFICERS 


Following the election of the Vice-President for the coming year and 
in the absence of the incoming President, Dr. Herman Gunter, Prof. W. E. 
Stokes welcomed the new Vice-President and recognized the place which 
automatically became his, as immediate Past President, on the Executive 
Committee. 


MEETING OF THE EXECUTIVE COMMITTEE 
Prof. W. E. Stokes, Presiding 


In the absence of Dr. Herman Gunter, the incoming President of the 
Society, Prof. W. E. Stokes presided at a very brief meeting of the Execu- 
tive Committee at which the first and practically the only item of business 
was the naming of Dr. R. V. Allison to continue as Secretary-Treasurer of 
the Society for another year. 

The place of the next meeting was discussed but no definite decision 
was arrived at. South Florida was strongly recommended and the inclu- 
sion of a well-rounded discussion of fiber crops in Florida was urged as 
an excellent possibility for a part of the program. 
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RESOLUTIONS 


Sort SCIENCE SOCIETY OF FLORIDA 


RESOLUTION OF SYMPATHY 


Wuereas, death has taken from our rolls during the year the following 
esteemed members of the Society whose sincere and constructive interest in 
all aspects of the work will make their absence felt for a long time to come, 

Now, THEREFORE, BE IT Resoven, that this expression of sorrow over 
this great loss and of sympathy to the immediate families of the deceased 
be spread upon the records of this Society and a copy of same be sent to 
the closest member of the family of each: 


Dr. L. R. Jones 
Madison, Wisconsin 
Brookfield, Vermont 
Orlando, Florida 

Mr. Geo. M. RoMMEL 
Bradenton, Florida 

Cot. B. F. FLoyp 
Davenport, Florida 

Mr. F. E. Bryant 
Palm Beach and 
Azucar, Florida 

Mr. RupoLtpH WEAVER 
Gainesville, Florida 


By the Resolutions Committee 
Dr. F. B. Smitu, Acting Chairman 
Gainesville, Florida 


February 15, 1946 
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